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Figure 7
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TTCGAGCTCGGTACCAGCGGAAGAGCGCCCAATACGCARACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGGGGGATCT
CGATCCCGCGAAATTAATACGACTCACTATAGACACAAAGGCGCCCAATCATGGATTCTATATTATCAAAACAGCTGGTTGACAAG
ACTGGTTTTGTTAGAGTGCCAATCAAGCATTATGACTGTACAATGCTAACTCTGGCACTCCCAACATTTGATGTCTCCAAGATGGT
AGATAGAATTACCATAGACTTCAATTTAGACGACATACAAGGAGCATCTGAAATAGGCTCAACTTTGCTACCCTCTATGTCGATAG
ATGTIGGAAGATATGGCCAATTTTGTTCACGATTTCACCTTTGGCCACTTAGCTGACAAGACTGACAGACTCTTAATGCGTGAGTTT
CCCATGATGAATGACGGGTTTGATCATCTGAGCCCTGACATGATTATCAAAACTACATCTGGCATGTATAACATCGTTGAGTTCAC
CACCTTTAGGGGGGATGAAAGAGGTGCATTCCAGGCTGCCATGACTAAACTCGCTAAGTATGAGGTTCCTTGTGAGAACAGATCTC
AGGGCAGGACTGTTGTTCTITATGTTIGTTAGCGCCTACCGGCATGGTGTTIGGTCTAATTTGGAGCTAGAGGACTCTGAAGCAGAG
GAGATGGTATATAGGTACAGACTTGCCCTTAGTGTGATGGATGAGCTAAGGACCTTGTTCCCAGAACTGTCATCCACAGATGAGGA
ACTAGGAAAGACTGAGAGAGAGTTGCTAGCCATGGTCTCCTCCATCCAAATAAATTGGTCAGTCACAGAATCTGTGTTICCTCCCT
TTAGCAGAGAAATGTTTGACAGGTTCAGATCTTCTCCTCCCGATTCAGAGTACATCACGAGGATAGTGAGCAGATGCCTCATAAAT
TCTCAAGAGAAACTCATCAATAATTCCTTCTTTGCTGAAGGGAATGATAAAGTTTTGAGATTTTCAAAAAACGCTGAGGAGTGTTC
CTTGGCAATAGAGAGAGCTTTAAATCAGTATAGGGCAGAAGACAACCTTAGGGACCTAAATGACCACAAGTCTACTATTICAGCTGC
CTCCCTGGCTGTCCTATCACGATGCCGATGGCAAAGATCTGTGCCCTCTTCAGGGATTAGATGTGAGAGGAGACCATCCCATGTGC
AACCTGTGGAGAGAAGTGGTTACCTCTGCAAATCTAGAGGAGATTGAGAGGATGCACGATGATGCAGCGGCAGAACTTGAGTTTGC
CCTTTCAGGGGTGAAGGACAGGCCAGATGAAAGAAACAGATACCATAGAGTCCATCTGAATATGGACTCAGATGATAGTGTCTACA
TAGCTGCTTITAGGGGTTAATGGAAAGAAGCATAAAGCAGACACATTAGTGCAACAAATGAGAGACAGGAGCAAACAGCCCTTCICT
CCAGATCATGATGTGGATCACATATCTGAATTTCTCTCTGCATGCTCTAGTGACTTGTGGGCAACAGATGAGGACCTATACAACCC
TCTCTCTTGTGATAAAGAGCTTAGATTGGCAGCTCAGAGAATTCATCAGCCATCCTTATCAGAAAGGGGCTTCAATGAGATTATAA
CAGAGCACTACAGATTTATGGGAAGTAGGATAGGATCATGGTGCCARAATGGTCAGTTTAATAGGAGCTGAGCTATCAGCTTCTGTA
AAGCAACATGTTAAGCCTAACTATTITGTGATTAAACGACTACTAGGTTCTGGGATITTCTTGCTGATCAAGCCTACTICCAGCAA
AAGCCATATATTCGTGTCTTITTGCAATTAAGCGCTCTTGCTGGGCCTTITGATCTCTCCACTTCCAGGGTTTTCAAACCCTACATAG
ATGCCGGGGATCTGTTAGTTACTGACTTTGTTTCTTACAAACTAAGTAAGCTTACCAACCTCTGCAAGTGCGTTTCGTTAATGGAA
TCCICCTTCTCATTTTGGGCAGAGGCATTTGGGATTCCAAGCTGGAACTTTGTTAGTGACTTGTTCAGGTCTTCAGACTCTGCAGC
AATGGATGCCTCATACATGGGCAAACTCTCTTTATTAACCCTTTTGGAAGACAAAGCAACAACTGAAGAGTTACAGACTATTGCAA
GATATATAATCATGGAGGGCTTTGTCTCGCCCCCAGAAATCCCAAAACCTCACAAGATGACCTCTAAGTTTCCCAAGGTTCTCAGG
TCAGAGCTGCAGGTTTACTTATTAAACTGCTTATGCAGAACTATCCAGAGAATAGCAGGTGAGCCCTTTATTCTTAAGAAGAAGGA
TGGGTCTATATCCTGGGGTGGCATGTTTAATCCTTITTTCAGGGCGTCCACTGCTTGATATGCAACCACTCATCAGCTGTTGTTACA
ATGGTTACTTTAAAAACARAAGAAGAAGAGACTGAGCCTTCCTCCCTTTCTGGGATGTATAAGAAAATTATAGAACTTGAGCACCTT
AGACCACAGTCAGATGCCTTCTTGGGTTATAAAGATCCAGAACTACCTAGAATGCATGAGTTCAGTGTTTCCTACTTGAAGGAGGT
TTGCAATCATGCTAAGCTGGTCTTAAGGAGTCTCTATGGACAGAATTTCATGGAGCAAATAGACAACCAAATTATTCGAGAGCTCA
GTGGGTTGACTCTAGAAAGATTAGCCACACTTAAGGCCACAAGCAACTTTAATGAGAATTGGTATGTCTATAAGGATGTGGCAGAC
AAGAACTACACAAGGGATAAATTATTAGTGAAGATGTCAAAATATGCTTCTGAGGGAAAGAGCCTAGCTATCCAGAAGTTTGAGGA
TTGCATGAGGCAGATAGAGTCACAAGGATGTATGCACATTTGTTTGTTTAAGAAACAACAGCATGGAGGTCTGAGAGAGATCTATG
TGATGGGTGCAGAGGAAAGAATTGTTCAATCGGTGGTGGAGACAATAGCCAGGTCTATAGGGAAGTTCTTTGCTTICTGATACCCTC
TGTAACCCCCCCAATAAGGTGAAAATTCCTGAGACACATGGCATTAGGGCTCGGAAGCAATGTAAGGGGCCTGTGTGGACTTGTGT
AACATCAGATGATGCAAGGAAGTGGAACCAAGGCCATTTTGTTACAAAGTTTGCCCTCATGCTATGTGAGTTCACCTCTCCTAAGT
GGTGGCCATTGATCATTAGGGGATGTTCAATGTTTACCAGGAAAAGGATGATGATGAATTTGAATTATCTTAAGATCCTGGATGGT
CATCGAGAGCTTGATATTAGAGATGACTTTGTGATGGATCTCTTCAAAGCTTATCATGGTGAGGCAGAAGTTCCATGGGCTTTTAA
GGGTAAAACATATCTGGAAACCACGACAGGGATGATGCAGGGGATATTGCATTATACTTCCTCATTATTACACACCATTCATCAAG
AATACATCCGGTCCTTGTCCTTTAAAATATTCAACCTGAAGGTTGCTCCTGAGATGAGCAAAAGCCTGGTTTGTGACATGATGCAA
GGATCAGATGATAGTAGCATGCTAATCAGCTTCCCAGCTGATGACGAGAAGGTTCTCACCAGATGCARAGTGGCCGCAGCCATATG
CTTCCGAATGAAGAAGGAGCTGGGAGTGTACCTTGCCATCTACCCCTCAGAGAAGTCCACAGCAAACACAGATTTTGTGATGGAGT
ACAATTCTGAATTTTATTTCCACACCCAGCATGTTAGACCGACGATCAGGTGGATTGCAGCATGTTGCAGCCTGCCAGAAGTGGAA
ACACTAGTAGCCCGCCAGGAAGAGGCCTCTAATCTAATGACTTCAGTTACTGAGGGGGGTGGGTCATTCTCCTTAGCTGCAATGAT
TCAGCAAGCTCAGTGCACTCTCCATTACATGCTAATGGGCATGGGAGTGTCTGAGCTATTCTTAGAGTATAAGAAGGCAGTGCTGA
AGTGGAATGACCCTGGETCTGGGTTTCTTCCTGCTTGACAATCCTTATGCGTGCGGGTTGGGAGGTTTTAGATTTAATCTCTTCAAA
GCCATCACCAGAACTGATTTGCAGAAGCTATATGCTTTCTTCATGAAGAAGGTTAAGGGCTCAGCTGCTAGGGACTGGGCAGATGA
GGATGTTACCATCCCAGAAACGTGTAGCGTGAGCCCAGGTGGCGCTCTAATTCTTAGCTCCTCTCTAAAGTGGGGATCTAGGAAGA
AGTITCAGAAACTGAGAGACCGTTITGAACATACCAGAGAACTGGATTGAGCTAATAAATGAGAATCCAGAGGTGCTCTATCGAGCT
CCCAGAACAGGCCCAGAAATATTGTTGCGCATTGCAGAGAAAGTCCATAGCCCTGGTGTTGTGTCATCATTGTCTTCTGGCAATGC
AGTCTGTAAAGTCATGGCCTCAGCTGTATACTTCTTATCAGCAACAATTTTTGAAGACACTGGACGCCCTGAGTTCAACTTCTTAG
AGGATTCCAAGTACAGCTTGCTACAAAAGATGGCCGCATATTCTGGCTTTCATGGTITCAATGATATGGAGCCAGAAGATATATTA
TTCCTATTCCCGAACATTGAGGAATTAGAATCACTGGATTCTATAGTTTACAACAAGGGAGAAATAGACATCATCCCAAGAGTTAA
TATCAGGGATGCAACCCAAACCAGGGTCACTATCTITTAATGAGCAGAAGACCCTCCGAACATCTCCAGAGAAGTTGGTGTCAGACA
AGTGGTTCGGGACTCAGAAGAGTAGGATAGGCAAAACAACTTTCCTGGCTGAATGGGAGAAGCTAAAGAAAATTGTGAAGTGGTTG
GAAGACACTCCAGAAGCAACTCTAGCTCACACTCCACTGAATAACCATATTCAGGTTAGGAATTTCTTTGCTAGAATGGARAGCAA
GCCTAGAACGGTTAGAATAACAGGAGCTCCTGTAAAGAAGAGGTCAGGGGTTAGCAAGATAGCTATGGTTATCCGTGACAATTTICT
CCCGGATGGGCCATCTTAGAGGTGTAGAAGACCTCGCTGGCTTCACTCGTAGTGTGTCAGCTGAAATCCTCAAGCACTITCTGTITC
TGCATACTACAGGGTCCATACAGTGAGAGCTATAAGCTACAGCTAATCTACAGAGTCCTAAGCTCAGTGTCAAACGTTGAGATAAR
GGAATCGGATGGTAAGACAAAAACCAATTTGATTGGGATCCTTCAGAGATTTCTAGATGGTGATCACGTTGTCCCTATAATTGAAG
AGATGGGAGCCGGAACAGTGGGTGGATTCATCAAGAGACAACAGTCTAAGGTTGTGCAAAATAAAGTGGTCTATTATGGAGTTGGG
ATCIGGAGAGGCTTCATGGATGGATATCAGGTCCATCTTGAGATAGAAAATGACATAGGACAGCCCCCAAGGCTTAGGAATGTCAC
AACTAACTGTCAGAGCAGCCCATGGGATCTGAGTGTCCCAATAAGGCAGTGGGCAGAAGACATGGGGGTCACAAACAACCAGGATT
ATTCCTCTAAATCTAGCAGAGGAGCTAGATATTGGATGCATTCATTTAGGATGCAAGGACCCAGCAAGCCATTTGGATGCCCAGTT
TATATTATTAAGGGTGACATGTCAGATGTTATCAGACTGAGAAAAGAGGAGGTGGAGATGAAAGTACGGGGCTCTACTCTCAACTT
GTACACTAAGCACCATTCTCATCAAGACTTACACATTTTATCTTACACTGCATCAGACAATGATCTCAGTCCAGGCATTTTCAAGT
CAATATCAGATGAGGGAGTAGCTCAAGCCCTGCAGTTATTTGAGAGGGAGCCAAGCAACTGCTGGGTGAGATGTGAGTCTGTAGCT
CCAAAATTCATATCAGCCATCCTTGAGATATGTGAGGGGAAGAGACAGATAAAAGGAATCAACAGAACCAGACTCTCAGAGATTGT
GAGAATTTGTTCTGAATCTTCCCTAAGATCAAAGGTCGGATCTATGTTCTCATTTGTCGCCAATGTTGAGGAGGCCCATGATGTTG
ATTATGATGCGTTAATGGATCTAATGATAGAAGATGCTAAGAACAATGCATTCAGTCATGTTGTCGATTGCATAGAGTTGGATGTT
AATGGTCCTTACGAGATGGAGT CTTTTGATACATCTGATGTCAACCTCTTTGGGCCAGCCCATTACAAGGACATCAGTICATTATC
TATGATTGCTCATCCCTITAATGGATAAGTTTGTTGATTATGCCATTTCCAAGATGGGGAGAGCCTCAGTTAGAAAAGTTCTAGAGA
CAGGTCGGTGCTCTAGCAAAGACTATGATITATCAAAGGTTCTCTTCAGAACTCTACAGAGACCAGAAGAGAGCATTAGGATAGAT
GATCTGGAGTTATATGAGGAGACAGATGTGGCGGATGACATGCTAGGCTAAGACCAATAAGCAAAGTCAGGCTTAGATTTAGGGAT
ACTACGCTAGTATTGGAATCCATGTIGGGTTCTGATACTAGCATAGTGCTACAATATTGGGCGGTCTTTIGTGIGGGTCGGCATGGCA
TCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGTCGTCCACTCGGATGGCTARGGGAGAGCTCGGATCCGGCTGT
TAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTCGCCACCGCTGAGCAATAACTAGCATAACCCCTTGEGGCCTCTAAACGGGTCT
TGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGATCGAGATCCTCTAGCCAGATCCTCTACGCCGGACGCATCGTGGCCGGT
GTCGACAAGCTTGGCGTAAT




U.S. Patent Aug. 18, 2015 Sheet 9 of 28 US 9,109,199 B2

Figure 7
B

GAATTCAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGGGGGATCTCGATCCCGC
GAAATTAATACGACTCACTATAGACACAAAGACGGTGCATTAAATGTATGTTTTACTAACAATTCTGATCACGGTTCTGGTGTGTG
AGGCGGTTATTAGAGTGTCTCTAAGTTCCACAAGAGAAGAGACCTGCTTTGGTGACTACACCAACCCAGAGATGATTGAAGGAGCT
TGGGATTCACTCAGAGAGGAGGAGATGCCAGAGGAGCTCTCCTGTTCCATATCAGGCATAAGGGAGGTCAAAACCTCAAGCCAGGA
ATTGTATAGGGCATTAAAAGCCATCATTGCTGCTGATGGCTTGAACAACATCACCTGCCATGGTAAGGATCCTGAGGATAAGATTT
CTCTCGTAAAGGGTCCTCCTCACAAAAAGCGGGTGGGGATAGTTCGGTGTGAGAGACGAAGAGACGCTAAGCAAATAGGAAGAGAA
ACCATGGCAGGGATTGCAATGACAGTCCTTCCAGCCTTAGCAGTTTTTGCTTTGGCACCTGTTGTTTTTGCTGAAGACCCTCATCT
CAGAAACAGACCAGGGAAGGGGCACAACTACATTGACGGGATGACTCAGGAGGACGCCACATGCAAACCTGTGACATATGCTGGGG
CTTGTAGCAGTTTTGATGTCTTGCTCGAAAAGGGAAAATTCCCCCTCTTCCAGTCGTATGCCCATCACAGAACCCTACTAGAAGCA
GTTCACGACACCATCATTGCAAAGGCTGATCCACCTAGCTGTGACCTTCAGAGTGCTCATGGGAATCCCTGCATGAAGGAGAAACT
CGTGATGAAGACACACTGTCCAAATGACTACCAGTCAGCTCATTACCTCAACAATGACGGGAAAATGGCTTCAGTCAAGTGCCCTC
CTAAATATGAGCTCACTGAGGACTGCAATTTTTGCAGGCAGATGACAGGTGCTAGCTTGAAGAAGGGGTCTTATCCTCTTCAGGAC
TTATTTTGTCAGTCAAGTGAGGATGATGGATCAAAATTAAAAACAAAAATGAAAGGGGTCTGCGAAGTGGGGGTTCAAGCACTCAA
AAAGTGTGATGGCCAACTCAGCACTGCACATGAGGTTGTGCCCTTTGCAGTATTTAAGAACTCAAAGAAGGTTTATCTTGATAAGC
TTGACCTCAAGACTGAGGAAAATCTGTTGCCAGACTCATTTGTCTGCTTCGAGCATAAGGGACAGTATAAAGGAACAATGGACTCT
GGTCAGACCAAGAGGGAGCTCAAAAGCTTTGATATCTCTCAGTGCCCCAAGATTGGAGGACATGGTAGCAAGAAGTGCACTGGGGA
CGCAGCTTTTTGCTCTGCTTATGAGTGCACTGCTCAATACGCCAATGCTTATTGTTCACATGCTAATGGGTCAGGAGTTGTACAGA
TACAAGTATCCGGGGTCTGGAAGAAGCCTTTGTGTGTCGGGTATGAGAGGGTGGTTGTGAAGAGAGAACTCTCTGCTAAGCCCATC
CAGAGAGTTGAGCCTTGCACAACTTGTATAACCAAATGTGAGCCTCACGGATTGGTTGTCCGATCAACAGGTTTCAAGATATCATC
TGCAGTTGCTTGTGCTAGCGGAGTTTGCGTTACAGGATCGCAGAGCCCTTCTACCGAGATTACACTCAAGTATCCAGGGATATCCC
AGTCCTCTGGGGGGGACATAGGGGTTCACATGGCACATGATGATCAGTCAGTTAGCTCCAAAATAGTAGCTCACTGCCCTCCCCAG
GATCCATGCCTAGTGCATGGCTGCATAGTGTGTGCTCATGGCCTGATAAATTACCAGTGTCACACTGCTCTCAGTGCCTTTGTTGT
TGTGTTCGTATTTAGCTCTGTCGCAATAATTTGTTTGGCCATTCTTTATAAAGTTCTCAAGTGCCTAAAGATTGCCCCAAGGAAAG
TTCTGGATCCACTAATGTGGATTACTGTTTTCATCAGATGGGTGTATAAGAAGATGGTTGCCAGAGTAGCAGACAATATCAATCAG
GTGAACAGGGAAATAGGATGGATGGAAGGAGGCCAGCTGGCTCTAGGGAACCCTGCCCCTATTCCTCGTCATGCTCCAATTCCACG
TTATAGCACATACCTAATGCTACTATTGATTGTCTCATATGCATCAGCATGTTCAGAACTGATTCAGGCAAGCTCCAGAATCACCA
CTTGCTCCACAGAAGGTGTCAACACCAAGTGTAGGCTGTCTGGCACAGCATTAATCAGGGCAGGGTCAGTTGGGGCAGAGGCTTGT
TTGATGTTAAAGGGGGTCAAGGAAGACCAAACCAAGTTTTTGAAGATAAAAACTGTCTCAAGTGAGCTATCGTGCAGGGAGGGCCA
GAGCTATTGGACTGGGTCCTTTAGCCCTAAATGTCTGAGCTCAAGGAGATGCCATCTTGTCGGGGAATGTCATGTGAATAGGTGTC
TGTCTTGGAGAGACAATGAAACCTCAGCAGAATTTTCATTTGTTGGGGAAAGCACGACCATGCGGGAGAACAAGTGTTTTGAGCAG
TGTGGAGGATGGGGATGTGGGTGTTTCAATGTGAACCCATCTTGCTTATTTGTGCACACGTATCTGCAGTCAGTCAGAAAAGAGGL
CCTTAGAGTTTTCAACTGTATCGATTGGGTGCATAAACTCACTCTAGAGATTACTGACTTTGATGGCTCTGTTTCAACAATAGACC
TGGGAGCATCATCTAGCCGTTTCACAAACTGGGGTTCAGTTAGCCTCTCACTGGACGCAGAGGGCATTTCAGGCTCAAACAGCTTT
TCCTTCATTGAGAGCCCAGGCAAAGGGTATGCAATTGTTGATGAGCCATTCTCAGAAATTCCTCGGCAAGGGTTCTTGGGGGAGAT
CAGGTGCAATTCAGAATCTTCAGTCCTGAGTGCTCATGAATCATGCCTTAGGGCACCAAATCTTATTTCATACAAGCCCATGATAG
ATCAGTTGGAGTGCACAACAAATCTGATTGATCCCTTTGTTGTCTTTGAGAGGGGCTCTCTGCCACAGACAAGGAATGACAAAACC
TTTGCAGCTTCAAAAGGAAATAGGGGTGTTCAAGCTTTCTCTAAGGGCTCTGTACAGGCTGATCTAACACTGATGTTTGACAATTT
TGAGGTGGACTTTGTGGGAGCAGCCGTGTCTTGTGATGCCGCCTTCTTAAATTTGACAGGTTGCTATTCCTGCAATGCAGGGGCCA
GAGTCTGCCTGTCTATCACATCCACAGGAACTGGAACTCTCTCTGCCCACAATAAAGATGGATCTCTGCATATAGTTCTTCCATCA
GAGAATGGAACAAAAGATCAGTGTCAGATACTACACTTCACTGTACCTGAGGTAGAGGAGGAGTTTATGTACTCTTGTGATGGAGA
TGAGCGGCCTCTGTTGGTGAAGGGAACCCTGATAGCTATTGATCCATTTGATGATAGGCGAGAAGCAGGGGGGGAATCAACAGTTG
TGAATCCAAAATCTGGATCTTGGAATTTCTTTGACTGGTTTTCTGGACTCATGAGTTGGTTTGGAGGGCCTCTTAAGACTATACTC
CTCATTTGCCTGTATGTAGCATTATCAATTGGGCTCTTTTTCCTTCTTATATATCTTGGAAGAACAGGCCTCTCTAAAATGTGGCT
TGCTGCCACCAAGAAAGCCTCATAGATCAGTACGTGTAGAAGCAATATATAGAAATAAGTAAACATAAGCAAATCTAATTATGTAA
ATATTGTACAGATGGGTCAAACTATTGGGATATCCAAGTTTAGAATCTTGTACAATAGTACTTTAGATGTAAGCTTAGTTGTAATT
TGGGGTGGTGGGGTGAGGCAGCAGTAGTCTCAAGTACATGTGGATATTCTAGTTAATGTGAATGTCTTTTGCCAGATTAGCTGGGA
ATTAAACTAACTCTTTGAAGTTGCACCGGTCTTTGTGTGGGETCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCG
AAGGAGGACGTCGTCCACTCGGATGGCTAAGGGAGAGCTCGGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCT
GCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGCGGGTTTTTTGCTGAAAGGAGGAACTATATC
CGGATCGAGATCCTCTAGCCAGATCCTCTACGCCGGACGCATCGTGGCCGGCGTCGACTGCAGAGGC
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GGATCCGATCCAATAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGGGGGATCTC
GATCCCGCGAAATTAATACGACTCACTATAGACACAAAGACCCCCTAGTGCTTATCAAGTATATCATGGATTACTTTCCTGTGATA
TCTGTTGATTTGCAGAGTGGTCGTCGTGTTGTGTCAGTGGAGTACATTAGAGGTGATGGTCCTCCCAGGATACCTTATTCTATGGT
TGGGCCCTGTTGTGTCTTTCTCATGCACCATCGTCCTAGTCACGAGGTTCGCTTGCGATTCTCTGATTTCTACAATGTCGGAGAAT
TCCCATACCGAGTCGGACTTGGAGACTTTGTATCAAACGTTGCACCTCCACCAGCAAAGCCTTITTCAGAGACTTATTGATCTAATA
GGCCATATGACTCTITAGTGATTTCACAAGGTTCCCCAATCTGAAAGAAGCCATATCCTGGCCTCTTGGAGAACCCTCCCTGGCTTT
CTTTGACCTAAGCTCCACCAGAGTGCATAGGTCTGATGATATTAGAAGGGACCAGATTGCTACTCTAGCAATGAGGAGCTGCAAGA
TTACCAATGATCTGGAGGACTCCTTTGTTGGCTTACACAGGATGATAGTGACCGAGGCTATCCTCAGAGGGATTGACTTGTGCCTG
TTGCCAGGCTTTGATCTCATGTATGAGGTTGCTCATGTTCAGTGTGTTCGGCTCCTGCAGGCAGCAAGAGAGGATATTTCTAATGC
TGTAGTTCCAAACTCAGCTCTCATTGCTCTTATGGAGGAGAGCTTGATGCTGCGCTCATCACTCCCTAGCATGATGGGGAGAAACA
ACTGGGTTCCAGTTGTTCCTCCAATCCCAGATGTTGAGATAGAATCAGAGGAAGAGAGTGATGACGATGGATTTGTTGAGGTTGAT
TAGAGATTAAGGCTGCCCCACCCCCCACCCCCAATCCCGACCGTAACCCCAACCACCCCCTTTTCCCCAAACCCCTGGGCAGCCAC
TTAGGCTGCTGTCTITGTACGCCTGAGCAGCTGCCATGACAGCTGCTGACGGCTTCCCATTGGAATCCACAAGCCCAAAAGCTTTCA
AGAATTCTCTCCTCTITCTCATGGCTTATAAAGTTGCTATTCACTGCTGCATTCATTGGCTGCGTGAACGTTGCGGCAACCTCCTCC
TTTGTTCTACCTCGGAGGTTTGGGTTGATGACCCGGGAGAACTGCAGCAGATACAGAGAGTGAGCATCCAATATTGCCCTTAGATA
GTCTTCTGGTAGAGAAGGGTCCACCATGCCAGCAAAGCTGGGGTGCATCATATGCCTTGGGTATGCAGGGGATAGGCCATCCATGG
TGGTCCCAGTGACAGGAAGCCACTCACTCAAGACGACCAAAGCCTGGCAAGTCCAGCCAGCCAGGGCAGCAGCAACTCGTGATAGA
GTCAACTCATCCCGGGAAGGATTCCCCTCCTTTAGCTTATACTTGTTGATGAGAGCCTCCACAGTTGCTTTGCCTTCTTTCGACAT
TTTCATCATCATCCTCCGGGGCTTGTTGCCACGAGTCAGAGCCAGAACAATCATTTTCTTGGCATCCTTCTCCCAGTCAGCCCCAC
CATACTGCTTTAAGAGTTCGATAACCCTACGGGCATCAAATCCTTGATAAGCAAACTCTCGGACCCACTGTTCAATCTCATTGCGG
TCCACTGCTTGAGCAGCAAACTGGATCGCAAGCTCTTGATAGTTGTCCAT TATTGTAATAGTGTTTGTATCTCTAGGGAGCTTTGT
GTGGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGTCGTCCACTCGGATGGCTAAGGGAGA
GCTCGGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGG
GCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGATCGAGATCCTCTAGCCAGATCCTCTACGCCGG
ACGCATCGTGGCCGGCCCAATATCTAGA
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TCTAGAGAAATTAATACGACTCACTATAGACACAAAGCTCCCTAGAGATACAAACACTATTACAATAATGGACAACTATCAAGAGC
TTGCGATCCAGTTTGCTGCTCAAGCAGTGGACCGCAATGAGATTGAACAGTGGGTCCGAGAGTTTGCTTATCAAGGATTTGATGCC
CGTAGGGTTATCGAACTCTTAAAGCAGTATGGTGGGGCTGACTGGGAGAAGGATGCCAAGAAAATGATTGTTCTGGCTCTGACTCG
TGGCAACAAGCCCCGGAGGATGATGATGAAAATGTCGAAAGAAGACAAAGCAACTGTGGAGACTCTCATCAACAAGTATAAGCTAA
AGGAGGGGAATCCTTCCCGGGATGAGTTGACTCTATCACGAGTTGCTGCTGCCCTGGCTGGCTGGACTTGCCAGGCTTTGGTCGTC
TTGAGTGAGTGGCTTCCTGTCACTGGGACCACCATGGATGGCCTATCCCCTGCATACCCAAGGCATATGATGCACCCCAGCTTTGC
TGGCATGGTAGACCCTTCTCTACCAGAAGACTATCTAAGGGCAATATTGGATGCTCACTCTCTGTATCTAGCTAGCAGTTCTCCCGGG
TCATCAACCCAAACCTCCGAGGTAGAACAAAGGAGGAGGTTGCCGCAACGTTCACGCAGCCAATGAATGCAGCAGTGAATAGCAAC
TTTATAAGCCATGAGAAGAGGAGAGAATTCTTGAAAGCTTTTGGGCTTGTGGATTCCAATGGGAAGCCGTCAGCAGCTGTCATGGC
AGCTGCTCAGGCATACAAGACAGCAGCCTAAGTGGCTGCCCAGGGGTTTGGGGAAAAGGGGGTGGTTGGGGTTACGGTCGGGATTG
GGGGTGGGGGGTGGGGCAGCCTTAATCTTCAACAGATATCACAGGAAAGTAATCCATGATATACTTGATAAGCACTAGGGGGTCTT
TGTGTGGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGTCGTCCACTCGGATGGCTAAGGG
AGAGCTCGGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTT
GGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGATCGAGATCCTCTAGCCAGATCCTCTACGC
CGGACGCATCGTGGCCGGCGGGCCT

Figure 7
E

TAATACGACTCACTATAGACACAAAGCTCCCTAGAGATACAAACACTATTACAATAATGGACAACTATCAAGAGCTTGCGATCCAG
TTTGCTGCTCAAGCAGTGGACCGCAATGAGATTGAACAGTGGGTCCGAGAGTTTGCTTATCAAGGATTTGATGCCCGTAGGGTTAT
CGAACTCTTAAAGCAGTATGGTGGGGCTGACTGGGAGAAGGATGCCAAGAAAATGATTGTTCTGGCTCTGACTCGTGGCAACAAGC
CCCGGAGGATGATGATGAAAATGTCGAAAGAAGGCAAAGCAACTGTGGAGGCTCTCATCAACAAGTATAAGCTAAAGGAGGGGAAT
CCTTCCCGGGATGAGTTGACTCTATCACGAGTTGCTGCTGCCCTGGCTGGCTGGACTTGCCAGGCTITGGTCGTCTTGAGTGAGTG
GCTTCCTGTCACTGGGACCACCATGGATGGCCTATCCCCTGCATACCCAAGGCATATGATGCACCCCAGCTTITGCTGGCATGGTGG
ACCCTTCTCTACCAGAAGACTATCTAAGGGCAATATTGGATGCTCACTCTCTGTATCTGCTGCAGTTCTCCCGGGTCATCAACCCA
AACCTCCGAGGTAGAACAAAGGAGGAGGTTGCCGCAACGTTCACGCAGCCAATGAATGCAGCAGTGAATAGCAACTTTATAAGCCA
TGAGAAGAGGAGAGAATTCTTGAAAGCTTTTGGGCTTGTGGATTCCAATGGGAAGCCGTCAGCAGCTGTCATGGCAGCTGCTCAGG
CGTACAAGACAGCAGCCTAAGTGGCTGCCCAGGGGTTTGGGGAAAAGGGGGTGGTTGGGGTTACGGTCGGGATTGGGGGTGGGGGG
TGGGGCAGCCTTAATCTCTAATCAACCTCAACAAATCCATCGTCATCACTCTCTTCCTCTGATTCTATCTCAACATCTGGGATTGG
AGGAACAACTGGAACCCAGTTGTTTCTCCCCATCATGCTAGGGAGTGATGAGCGCAGCATCAAGCTCTCCTCCATAAGAGCAATGA
GAGCTGAGTTTGGAACTACAGCATTAGAAATATCCTCTCTTGCTGCCTGCAGGAGCCGAACACACTGAACATGAGCAACCTCATAC
ATGAGATCAAAGCCTGGCAACAGGCACAAGTCAATCCCTCTGAGGATAGCCTCGGTCACTATCATCCTGTGTAAGCCAACAAAGGA
GTCCTCCAGATCATTGGTAATCTTGCAGCTCCTCATTGCTAGAGTAGCAATCTGGTCCCTTCTAATATCATCAGACCTATGCACTC
TGGTGGAGCTTAGGTCAAAGAAAGCCAGGGAGGGTTCTCCAAGAGGCCAGGATATGGCTTCTTTCAGATTGGGGAACCTTGTGAAA
TCACTAAGAGTCATATGGCCTATTAGATCAATAAGTCTCTGAAAAGGCTTTGCTGGTGGAGGTGCAACGTTTGATACAAAGTCTCC
AAGTCCGACTCGGTATGGGAATTCTCCGACATTGTAGAAATCAGAGAATCGCAAGCGAACCTCGTGACTAGGACGATGGTGCATGA
GAAAGACACAACAGGGCCCAACCATAGAATAAGGTATCCTGGGAGGACCATCACCTCTAATGTACTCCACTGACACAACACGACGA
CCACTCTGCAAATCAACAGATATCACAGGAAAGTAATCCATGATATACTTGATAAGCACTAGGGGGTCTTTGTGIGGGTCGGCATG
GCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGTCGTCCACTCGGATGGCTAAGGGAGAGCTCGGATCCGGC
TGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGG
TCTTGAGGGGTTTTTTG
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GGTACCTCGCGAATGCATTAGAGARATTAATACGACTCACTATAGACACAAAGCTCCCTAGAGATACAAACACTATTACAATAATG
GACAACTATCAAGAGCTTGCGATCCAGTTTGCTGCTCAAGCAGTGGACCGCAATGAGATTGAACAGTGGGTCCGAGAGTTTGCTTA
TCAAGGATTTGATGCCCGTAGGGTTATCGAACTCTTAAAGCAGTATGGTGGGGCTGACTGGGAGAAGGATGCCAAGAAAATGATTG
TTCTGGCTCTGACTCGTGGCAACAAGCCCCGGAGGATGATGATGAAAATGTCGAAAGAAGGCAAAGCAACTGTGGAGGCTCTCATC
AACAAGTATAAGCTAAAGGAGGGGAATCCTTCCCGGGATGAGTTGACTCTATCACGAGTTGCTGCTGCCCTGGCTGGCTGGACTTG
CCAGGCTTTGGTCGTCTTGAGTGAGTGGCTTCCTGTCACTGGGACCACTATGGATGGCCTATCCCCTGCATACCCAAGGCATATGA
TGCACCCCAGCTTTGCTGGCATGGTGGACCCTTCTCTACCAGAAGACTATCTAAGGGCAATATTGGATGCTCACTCTCTGTATCTG
CTGCAGTTCTCCCGGGTCATCAACCCAAACCTCCGAGGTAGAACAAAGGAGGAGGTTGCCGCAACGTTCACGCAGCCAATGAATGC
AGCAGTGAATAGCAACTTTATAAGCCATGAGAAGAGGAGAGAATTCTTIGAAAGCTTTTGGGCTTGTGGATTCCAATGGGAAGCCGT
CAGCAGCTGTCATGGCAGCTGCTCAGGCGTACAAGACAGCAGCCTAAGTGGCTGCCCAGGGGTTTGGGGAAAAGGGGGTGGTTGGG
GTTACGGTCGGGATTGGGGGTGGGGGGTGGGGCAGCCTTAATCTTCTAGATTACTTGTACAGCTCGTCCATGCCGTGAGTGATCCC
GGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGT
GGTTGTCGGGCAGCAGCACGGGGCCETCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGCACGCTGCCGTCCTCGATG
TTGTGGCGGATCTTGAAGTTCACCTTGATGCCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTC
CAGCTTGTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAGGGTGTCGCCCTCGAACT
TCACCTCGGCGCGGGTCTTGTAGTTGCCGTCGTCCTTGAAGAAGATGGTGCGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTG
AAGAAGTCGTGCTGCTTCATGTGGTCGGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCACGAGGGTGGGCCAGGG
CACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGCTTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGA
ACTTGTGGCCGTTCACGTCGCCGTCCAGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATGGGA
TATACTTGATAAGCACTAGGGGGTCTTTGTGTGGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAG
GACGTCGTCCACTCGGATGGCTAAGGGAGAGCTCGGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACC
GCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGTCGAC

Figure 7
G

GAATTCGAAATTAATACGACTCACTATAGACACAAAGACCGGTGCAACTTCAAAGAGTTAGTTTAATTCCCAGCTAATCTGGCAAA
AGACATTCACATTAACTAGAATATCCACATGTACTTGAGACTACTGCTGCCTCACCCCACCACCCCAAATTACAACTAAGCTTACA
TCTAAAGTACTATTGTACAAGATTCTAAACTTGGATATCCCAATAGTTTGACCCATCTGTACAATATTTACATAATTAGATTTGCT
TATGTTTACTTATTTCTATATATTGCTTCTACACGTACTGATTCTAGAGCCCGTGGCACGTGACTAGTAAGCTTGATATCTCGAGG
CGCGCCAGCTGCGGCCGCTGATTCGGTACCCGGGATCCTTGCTCACCATGGTTAATGCACCGTCTTTGTGTGGGTCGGCATGGCAT
CTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGTCGTCCACTCGGATGGCTAAGGGAGAGCTCGGATCCGGCTGCT
AACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTT
GAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGATCGAGATCCTCTAGCCAGATCCTCTACGCCGGACGCATCGTGGCCGGCG
TCGACTGCCTGCAG

Figure 7
H

TAATACGACTCACTATAGACACAAAGACCGGTGCAACTTCAAAGAGTTAGTTTAATTCCCAGCTAATCTGGCAAAAGACATTCACA
TTAACTAGAATATCCACATGTACTTIGAGACTACTGCTGCCTCACCCCACCACCCCAAATTACAACTAAGCTTACATCTAAAGTACT
ATTGTACAAGATTCTAAACTTGGATATCCCAATAGTTTGACCCATCTGTACAATATTTACATAATTAGATTTGCTTATGTTTACTT
ATTTCTATATATTGCTTCTACACGTACTGATTCTAGATTACTTGTACAGCTCGTCCATGCCGTGAGTGATCCCGGCGGCGGTCACG
AACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGCAG
CAGCACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGCACGCTGCCGTCCTCGATGTTGTGGCGGATCT
TGAAGTTCACCTTGATGCCGTTCTTCTGCTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTTGTGCCCC
AGGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAGGGTGTCGCCCTCGAACTTCACCTCGGCGCG
GGTCTTGTAGTTGCCGTCGTCCTTGAAGAAGATGGTGCGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTGAAGAAGTCGTGCT
GCTTCATGTGGTCGGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCACGAGGGTGGGCCAGGGCACGGGCAGCTTG
CCGGTGGTGCAGATGAACTTCAGGGTCAGCTTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGAACTTGTGGCCGTT
CACGTCGCCGTCCAGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATGGTTAATGCACCGTCTT
TGTGTGGGTCGGCATGGCATCTCC
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GAATTCGCTCTTCAAGCACCACCATGGCCGGAATCGCCATGACAGTGTTGCCTGCACTGGCCGTGTTTGCTTTGGCTCCCGTGGTG
TTTGCTGAAGACCCGCACCTGCGCAACCGTCCTGGCAAGGGCCACAACTATATTGACGGCATGACCCAGGAAGACGCTACATGTAA
GCCGGTGACATATGCTGGCGCCTGCTCTAGCTTCGACGTGCTCCTGGAAAAGGGAAAATTCCCACTGTTTCAGTCCTATGCTCATC
ACCGCACCCTGCTGGAGGCCGTCCACGACACAATTATCGCAAAGGCCGATCCCCCTAGCTGCGACCTGCAGAGCGCCCATGGCAAC
CCGTGCATGAAAGAGAAACTGGTGATGAAAACACATTGCCCGAATGACTACCAGTCTGCACACTATCTCAACAATGACGGCAAGAT
GGCTTCCGTGAAATGCCCACCAAAGTACGAACTGACCGAGGATTGTAACTTTTGCCGCCAGATGACGAGCGCAAGTCTTAAGAAGG
GTAGTTACCCTCTGCAGGACCTGTTTTGTCAGTCCTCAGAGGACGACGGCAGCAAGCTCAAAACTAAAATGAAGGGCGTGTGCGAG
GTGGGTGTGCAAGCCCTTAAAAAGTGCGACGGCCAGCTCTCCACCGCCCACGAAGTGGTCCCITTTGCTGTTTTTAAGAATAGCAA
GAAGGTGTACCTCGACAAACTGGATCTGAAAACTGAAGAAAACCTGCTTCCTGATAGTTTCGIGTGCTTCGAGCACAAAGGCCAGT
ACAAGGGTACCATGGACTCCGGTCAGACCAAACGCGAGCTGAAATCCTTCGACATTTCCCAGTGCCCCAAGATCGGAGGACACGGA
AGCAAGAAATGCACCGGCGACGCCGCCTTCTGTAGCGCCTACGAATGCACTGCCCAATATGCCAACGCTTATTGCTCTCACGCCAA
CGGTTCTGGCGTGGTGCAGATTCAGGTGTCCGGCGTCTGGAAGAAGCCGTTGTGTGTGGGCTATGAACGCGTGGTGGTGAAGCGGG
AGTTGAGCGCTAAGCCCATCCAGCGTGTGGAGCCATGCACCACCTGCATCACAAAGTGTGAACCACACGETCTGGTGGTGAGGTCT
ACCGGATTTAAGATTAGCTCTGCAGTCGCCTGTGCAAGTGGCGTGTGTGTCACTGGCTCACAGAGTCCCTCAACGGAAATCACTTT
GAAGTATCCCGGCATCAGCCAAAGCTCTGGAGGCGATATCGGCGTCCATATGGCCCACGACGACCAGAGCGTGAGCTCAAAGATTG
TTGCCCACTGCCCCCCGCAGGACCCTTGCCTTGTGCACGGCTGCATTGTGTGCGCCCACGGATTGATTAACTACCAATGCCACACC
GCACTCAGCGCCTTTGTCGTGGTTTTTGTGTTTTCTTCCGTTGCAATCATTTGCCTGGCCATCCTGTACAAAGTCCTCAAATGCCT
GAAAATTGCCCCTAGGAAGGTCCTCGACCCGTTGATGTGGATTACGGTGTTCATCCGATGGGTGTATAAGAAGATGGTGGCAAGGG
TGGCAGATAACATTAACCAGGTGAACAGAGAGATAGGATGGATGGAAGGTGGCCAGTTGGCACTTGGTAACCCTGCCCCCATCCCT
CGACACGCCCCCATTCCGAGATATAGCACCTACCTCATGCTGCTTCTGATCGTGAGCTACGCATCCGCCTGCAGCGAGCTGATTCA
GGCCAGCAGTAGAATCACGACGTGCAGTACAGAAGGAGTGAACACCAAATGCCGCCTGTCCGGAACCGCCCTGATTCGCGCCGGCT
CCGTCGGCGCCGAGGCCTGTCTCATGCTCAAGGGCGTGAAGGAGGACCAGACCAAATTCCTGAAGATCAAGACTGTTTCATCTGAA
CTCTCATGTCGGGAGGGACAGTCCTACTGGACAGGTAGCTTICAGTCCAAAGTGTCTTTCCTCCCGTCGCTGTCACCTGGTCGGGGA
ATGTCATGTGAATAGGTGTCTGTCATGGCGCGACAACGAGACTTCCGCCGAATTTTCTTTCGTGGGTGAATCCACCACCATGCGGG
AAAATAAATGTTTCGAACAGTGCGGCGGCTGGGGTTGTGGCTGCTTCAACGTGAACCCGTCTTGCCTCTTTGTTCATACCTATCTG
CAATCTGTGCGCAAGGAAGCTCTGCGCGTTTTTAATTGTATCGACTGGGTGCATAAGCTCACATTGGAAATCACAGATTTTGACGG
CTCCGTCAGCACCATCGACCTGGGAGCTTCTTCATCACGATTTACAAACTGGGGTAGCGTGAGTCTCTCCCTGGATGCCGAAGGTA
TTTCAGGCAGCAACAGTTTTAGTTTCATCGAATCCCCTGGCAAGGGTTATGCCATCGTGGACGAACCTTTCTCCGAGATCCCAAGG
CAGGGCTTCCTTGGAGAGATCAGGTGCAACTCAGAAAGCTCCGTGTTGAGTGCTCATGAGAGTTGTCTGAGGGCCCCGAACCTGAT
CTCCTATAAGCCCATGATTGACCAGCTTGAGTGCACAACAAATCTTATAGATCCCTTCGTCGTGTTTGAAAGAGGCTCCCTCCCCC
AGACCCGCAACGACAAGACGTTCGCAGCTTCTAAGGGCAACCGTGGAGTCCAGGCCTTTAGCAAGGGTTCCGTGCAGGCCGACCTG
ACATTGATGTTCGATAACTTCGAGGTGGATTTCGTCGGAGCCGCTGTCTCCTGCGATGCAGCATTTCTGAATCTGACTGGCTGCTA
TAGTTGCAATGCTGGAGCACGCGTGTGCCTGAGCATTACCTCCACTGGTACAGGTACCCTGTCCGCCCACAATAAAGATGGAAGTC
TTCACATCGTGCTGCCTAGCGAGAACGGCACAAAGGACCAATGTCAGATTCTGCACTTTACCGTGCCCGAGGTGGAGGAAGAGTTC
ATGTACTCCTGTGATGGCGATGAGAGGCCTCTGCTGGTCAAGGGCACTCTCATCGCCATTGACCCTTTTGATGACAGACGCGAGGC
TGGCGGAGAGAGCACTGTCGTTAACCCAAAGAGCGGCTCTTGGAATTTCTITGACTGGTTCAGCGGACTCATGTCCTGGTTITGGAG
GCCCACTCAAGACGATTCTCCTGATCTGCCTGTACGTGGCTCTGAGTATCGGACTCTTCTTCCTCCTGATCTATCTCGGAAGAACT
GGCTTGTCAAAAATGTGGCTGGCCGCTACAAAGAAAGCCAGTTAAGCTCTTCCTCAGCGGCCGC
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GAATTCACCATGTATGTTTITACTAACAATTCTGATCACGGTTCTGGTGTGTGAGGCGGTTATTAGAGTGTCTCTAAGTTCCACAAG
AGAAGAGACCTGCTTITGGTCGACTACACCAACCCAGAGATGATTGAAGGAGCTTGGGATTCACTCAGAGAGGAGGAGATGCCAGAGG
AGCTCTCCTGTTCCATATCAGGCATAAGGGAGGTCAAAACCTCAAGCCAGGAATTGTATAGGGCATTAAAAGCCATCATTGCTGCT
GATGGCTTGAACAACATCACCTGCCATGGTAAGGATCCTGAGGATAAGATTTICTCTCGTAAAGGGTCCTCCTCACAAAAAGCGGGT
GGGGATAGTTCGGTGTCGACGAGACGAAGAGACGCTAAGCAAATAGGAAGAGAAACCATGGCAGGCGATTGCAATCGACAGTCCTTCCAG
CCTTAGCAGTTTTTGCTTTGGCACCTGTTGTTTTTGCTGAAGACCCTCATCTCAGAAACAGACCAGGGAAGGGGCACAACTACATT
GACGGGATGACTCAGGAGGACGCCACATGCAAACCTGTGACATATGCTGGGGCTTGTAGCAGTITTTGATGTCTTGCTCGAAARAGGG
AAAATTCCCCCTCTTCCAGTCGTATGCCCATCACAGAACCCTACTAGAAGCAGTTCACGACACCATCATTGCAAAGGCTGATCCAC
CTAGCTGTGACCTTCAGAGTGCTCATGGGAATCCCTGCATGAAGGAGAAACTCGTGATGAAGACACACTGTCCAAATGACTACCAG
TCAGCTCATTACCTCAACAATGACGGGAAAATGGCTTCAGTCAAGTGCCCTCCTARAATATGAGCTCACTGAGGACTGCAATTTTTG
CAGGCAGATGACAGGTGCTAGCTTGAAGAAGGCGCTCTTATCCTCTTCAGGACTTATTTTGTCAGTCAAGTGAGGATGATGGATCAA
AATTAAAAACAAAAATGAAAGGGGTCTGCGAAGTGGGGGTTCAAGCACTCAAAAAGTGTGATGGCCAACTCAGCACTGCACATGAG
GTTGTGCCCTTTGCAGTATTITAAGAACTCAAAGAAGGTTTATCTTGATAAGCTTGACCTCAAGACTGAGGAAAATCTGTTGCCAGA
CTCATTTGTCTGCTTCGAGCATAAGGGACAGTATAAAGGAACAATGGACTCTGGTCAGACCAAGAGGGAGCTCAAAAGCTTTGATA
TCTCTCAGTGCCCCAAGATTGGAGGACATGGTAGCAAGAAGTGCACTGGGGACGCAGCTTTTTGCTCTGCTTATGAGTGCACTGCT
CAATACGCCAATGCTTATTGTITCACATGCTAATGGGTCAGGAGTTGTACAGATACAAGTATCCGGGGTCTGGAAGAAGCCTTTGTG
TGTCGGGETATGAGAGGETGCGTTGTGAAGAGAGAACTCTCTGCTAAGCCCATCCAGAGAGTTGAGCCTTGCACAACTTGTATAACCA
AATGTGAGCCTCACGGATTGGTTGTCCGATCAACAGGTTTCAAGATATCATCTGCAGTTGCTTGTGCTAGCGGAGTTTGCGTTACA
GGATCGCAGAGCCCTITCTACCGAGATTACACTCAAGTATCCAGGGATATCCCAGTCCTCTGGGGGGGACATAGGGGTTCACATGGC
ACATGATGATCAGTCAGTTAGCTCCAAAATAGTAGCTCACTGCCCTCCCCAGGATCCATGCCTAGTGCATGGCTGCATAGTGTGTG
CTCATGGCCTGATAAATTACCAGTGTCACACTGCTCTCAGTGCCTTTGTTGTTGTGTTCGTATTTAGCTCTGTCGCAATAATTTGT
TTGGCCATTCTTTATAAAGTTCTCAAGTGCCTAAAGATTGCCCCAAGGAAAGTTCTGGATCCACTAATGTGGATTACTGTTTTCAT
CAGATGGGTGTATAAGAAGATGETTGCCAGAGTAGCAGACAATATCAATCAGGTGAACAGGGAAATAGGATGGATGGAAGGAGGCC
AGCTGGCTCTAGGGAACCCTGCCCCTATTCCTCGTCATGCTCCAATTCCACGTTATAGCACATACCTAATGCTACTATTGATTGTC
TCATATGCATCAGCATGTTCAGAACTGATTCAGGCAAGCTCCAGAATCACCACTTGCTCCACAGAAGGTGTCAACACCAAGTGTAG
GCTGTCTGGCACAGCATTAATCAGGGCAGGETCAGTTGGGGCAGAGGCTTGTTTGATGTTAAAGGGGGTCAAGGAAGACCAAACCA
AGTTTTTGAAGATAAAAACTGTCTCAAGTGAGCTATCGTGCAGGGAGGGCCAGAGCTATTGGACTGGGTCCTTTAGCCCTAAATGT
CTGAGCTCAAGGAGATGCCATCTTIGTCGGGGAATGTCATGTGAATAGGTGTCTGTCTTGGAGAGACAATGAAACCTCAGCAGAATT
TTCATTTGTTGGGGAAAGCACGACCATGCGEGAGAACAAGTGTTTTGAGCAGTGTGCAGGATGGGGATGTGGGTGTTTCAATGTGA
ACCCATCTTGCTTATTTGTGCACACGTATCTGCAGTCAGTCAGAAAAGAGGCCCTTAGAGTTTTCAACTGTATCGATTGGGTGCAT
AAACTCACTCTAGAGATTACTGACTTTGATGGCTCTGTTTCAACAATAGACCTGGGAGCATCATCTAGCCGTTTCACAAACTGGGG
TTCAGTTAGCCTCTCACTGGACGCAGAGGGCATTTCAGGCTCAAACAGCTTITCCTTCATTGAGAGCCCAGGCAAAGGGTATGCAA
TTGTTGATGAGCCATTCTCAGAAATTCCTCGGCAAGGGTTCTTGGGGGAGATCAGGTGCAATTCAGAATCTTCAGTCCTGAGTGCT
CATGAATCATGCCITAGGGCACCAAATCTTATTTCATACAAGCCCATGATAGATCAGTTGGAGTGCACAACAAATCTGATTGATCC
CTTTGTTGTCTTTGAGAGGGGCTCTCTGCCACAGACAAGGAATGACAAAACCTTTGCAGCTTCAAAAGGAAATAGGGGETGTTCAAG
CTTTCTCTAAGGGCTCTGTACAGGCTGATCTAACACTGATGTTTGACAATTTTGAGGTGGACTTTGTGGGAGCAGCCGTGTCTTGT
GATGCCGCCTTCTTAAATTTGACAGGTTGCTATTCCTGCAATGCAGGGGCCAGAGTCTGCCTGTCTATCACATCCACAGGAACTGG
AACTCTCTCTGCCCACAATAAAGATGGATCTCTGCATATAGTTCTICCATCAGAGAATGGAACAAAAGATCAGTGTCAGATACTAC
ACTTCACTGTACCTGAGGTAGAGGAGGAGTTTATGTACTCTTGTGATGGAGATGAGCGGCCTCTGTTGGTGAAGGGAACCCTGATA
GCTATTGATCCATTTGATGATAGGCGAGAAGCAGGGGGGGAATCAACAGTTGTGAATCCAAAATCTGGATCTTGGAATTTCTTTGA
CTGETTTTCTGGACTCATGAGTTGGTTTGCGAGGGCCTCTTAAGACTATACTCCTCATTTGCCTGTATGTAGCATTATCAATTGGGC
TCTTTTTCCTTCTTATATATCTTGGAAGAACAGGCCTCTCTAAAATGTGGCTTGCTGCCACCAAGARARAGCCTCATAGGCGGCCGT

Figure 7
K

GAATTCTCTAGACACCATGGATAACTATCAGGAGCTGGCCATCCAGTTTGCCGCCCAGGCCGTGGACAGAAACGAGATCGAACAGT
GGGTGCETGAGTTCGCTTACCAGGETTTCCGACGCCCGCCGEETGATTGAACTGCTGAAGCAGTATGCGAGGTGCCGACTGGGAGAAA
GACGCCAAGAAAATGATCCTGCTGGCTCTGACTAGAGGCAACAAGCCCAGGAGAATGATGATGAAGATGAGCAAGGAAGGAAAGGC
TACTGTGGAAGCCCTGATCAACAAGTACAAACTTAAGGAAGGAAACCCCTCTCGCGATGAACTGACTCTCAGCAGAGTGGCCGCAG
CCCTTGCCGGATGGACATGTCAGGCCCTGETCETGCTTTCCGAGTEGETTGCCCGTGACAGGAACCACCATGGACGGCCTGTCCCCA
GCATATCCCAGACATATGATGCATCCCTCTTTCGCCGGCATGGTCGACCCAAGTCTGCCTGAGCGATTACCTCAGAGCCATCCTGGA
TGCCCACAGTCTTTACTTGCTGCAGTTTTCTCGGGTGATTAACCCCAACCTCCGCGGAAGAACAAAGGAGGAGGTTGCAGCCACCT
TTACACAGCCCATGAACGCAGCTGTGAATAGTAACTTCATTTCTCACGAAAAACGACGCGAGTITCCTCAAAGCCTTCGGCCTGGTG
GACAGCAACGGAAAGCCTTCTGCAGCCCGTCATGGCCGCCGCCCAGGCATACAAGACTGCCGCTTARAAAGCTTGCGGCCGC
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CTCGAGACCATGGATTCTATATTATCAAAACAGCTGGTTGACAAGACTGGTTTTGTTAGAGTGCCAATCAAGCATTATGACTGTAC
AATGCTAACTCTGGCACTCCCAACATTTGATGTCTCCAAGATGGTAGATAGAATTACCATAGACTTCAATTTAGACGACATACAAG
GAGCATCTGAAATAGGCTCAACTTTGCTACCCTCTATGTCGATAGATGTGGAAGATATGGCCAATTTTGTTCACGATTTCACCTTT
GGCCACTTAGCTGACAAGACTGACAGACTCTTAATGCGTGAGTTTCCCATGATGAATGACGGGTTTGATCATCTGAGCCCTGACAT
GATTATCAAAACTACATCTGGCATGTATAACATCGTTGAGTTCACCACCTTTAGGGGGGATGAAAGAGGTGCATTCCAGGCTGCCA
TGACTAAACTCGCTAAGTATGAGGTTCCTTGTGAGAACAGATCTCAGGGCAGGACTGTTGTICTTTATGTTGTTAGCGCCTACCGG
CATGGTGTTTGGTCTAATTTGGAGCTAGAGGACTCTGAAGCAGAGGAGATGGTATATAGGTACAGACTTGCCCTTAGTGTGATGGA
TGAGCTAAGGACCTTGTTCCCAGAACTGTCATCCACAGATGAGGAACTAGGAAAGACTGAGAGAGAGTTGCTAGCCATGGTCTCCT
CCATCCAAATAAATTGGTCAGTCACAGAATCTGTGTTTCCTCCCTTTAGCAGAGAAATGTTTGACAGGTTCAGATCTTCTCCTCCC
GATTCAGAGTACATCACGAGGATAGTGAGCAGATGCCTCATAAATTCTCAAGAGAAACTCATCAATAATTCCTTCTTTGCTGAAGG
GAATGATAAAGTTTTGAGATTTTCAAAAAACGCTGAGGAGTGTTCCTTGGCAATAGAGAGAGCTTTAAATCAGTATAGGGCAGAAG
ACAACCTTAGGGACCTAAATGACCACAAGTCTACTATTCAGCTGCCTCCCTGGCTGTCCTATCACGATGCCGATGGCAAAGATCTG
TGCCCTCTTCAGGGATTAGATGTGAGAGGAGACCATCCCATGTGCAACCTGTGGAGAGAAGCTGGTTACCTCTGCAAATCTAGAGGA
GATTGAGAGGATGCACGATGATGCAGCGGCAGAACTTGAGTTTGCCCTTTCAGGGGTGAAGGACAGGCCAGATGAAAGAAACAGAT
ACCATAGAGTCCATCTGAATATGGACTCAGATGATAGTATCTACATAGCTGCTTTAGGGGTTAATGGAAAGAAGCATAAAGCAGAC
ACATTAGTGCAACAAATGAGAGACAGGAGCAAACAGCCCTTCTCTCCAGATCATGATGTGGATCACATATCTGAATTTCTCTCTGC
ATGCTCTAGTGACTTGTGGGCAACAGATGAGGACCTATACAACCCTCTCTCTTGTGATAAAGAGCTTAGATTGGCAGCTCAGAGAA
TTCATCAGCCATCCTTATCAGAAAGGGGCTTCAATGAGATTATAACAGAGCACTACAGATTTATGGGAAGTAGGATAGGATCATGG
TGCCAAATGGTCAGTTTAATAGGAGCTGAGCTATCAGCTTCTGTAAAGCAACATGTTAAGCCTAACTATTTTGTGATTAAACGACT
ACTAGGTTCTGGGATTTTCTTGCTGATCAAGCCTACTTCCAGCAAAAGCCATATATTCGTGTCTTTTGCAATTAAGCGCTCTTGCT
GGGCCTTTGATCTCTCCACTTCCAGGGTTTTCAAACCCTACATAGATGCCGGGGATCTGTTAGTTACTGACTTTGTTTCTTACAAA
CTAAGTAAGCTTACCAACCTCTGCAAGTGCGTTTCGTTAATGGAATCCTCCTTCTCATTTTGGGCAGAGGCATTTGGGATTCCAAG
CTGGAACTTITGTTAGTGACTTIGTTCAGGTCTTCAGACTCTGCAGCAATGGATGCCTCATACATGGGCAAACTCTCTTTATTAACCC
TTTTGGAAGACAAAGCAACAACTGAAGAGTTACAGACTATTGCAAGATATATAATCATGGAGGGCTTITGTCTCGCCCCCAGAAATC
CCAAAACCTCACAAGATGACCTCTAAGTTTCCCAAGGTTCTCAGGTCAGAGCTGCAGGTTTACTTATTAAACTGCTTATGCAGAAC
TATCCAGAGAATAGCAGGETGAGCCCTTTATTCTTAAGAAGAAGGATGGAGTCTATATCCTGGGGTGGCATGTTTAATCCTTTTTCAG
GGCGTCCACTGCTTGATATGCAACCACTCATCAGCTGTTGTTACAATGGTTACTTTAAAAACAAAGAAGAAGAGACTGAGCCTTCC
TCCCTTTCTGGGATGTATAAGAAAATTATAGAACTTGAGCACCTTAGACCACAGTCAGATGCCTTCTTGGGTTATAAAGATCCAGA
ACTACCTAGAATGCATGAGTTCAGTGTTTCCTACTTGAAGGAGGCTTGCAATCATGCTAAGCTGGTCTTAAGGAGTCTCTATGGAC
AGAATTTCATGGAGCAAATAGACAACCAAATTATTCGAGAGCTCAGTGGGTTGACTCTAGAAAGATTAGCCACACTTAAGGCCACA
AGCAACTTTAATGAGAATTGGTATGTCTATAAGGATGTGGCAGACAAGAACTACACAAGGGATAAATTATTAGTGAAGATGTCAAA
ATATGCTTCTGAGGGAAAGAGCCTAGCTATCCAGAAGTTTGAGGATTGCATGAGGCAGATAGAGTCACAAGGATGTATGCACATTT
GTTTGTTTAAGAAACAACAGCATGGAGGTCTGAGAGAGATCTATGTCATGGGTGCAGAGGAAAGAATTGTTCAATCGGTGGTGGAG
ACAATAGCCAGGTCTATAGGGAAGTTCTTTGCTTCTGATACCCTCTGTAACCCCCCCAATAAGGTGAAAATTCCTGAGACACATGG
CATTAGGGCTCGGAAGCAATGTAAGGGGCCTGTGTGGACTTGTGCAACATCAGATGATGCAAGGAAGTGGAACCAAGGCCATTTTG
TTACAAAGTTTGCCCTCATGCTATGTGAGTTCACCTCTCCTAAGTGGTGGCCATTGATCATTAGGGGATGTTCAATGTTTACCAGG
AAAAGGATGATGATGAATTTGAATTATCTTAAGATCCTGGATGGTCATCGAGAGCTTGATATTAGAGATGACTTTGTGATGGATCT
CTTCAAAGCTTATCATGGTGAGGCAGAAGTTCCATGGGCTTTTAAGGGTAARACATATCTGGAAACCACGACAGGGATGATGCAGG
GGATATTGCATTATACTTCCTCATTATTACACACCATTCATCAAGAATACATCCGGTCCTTGTCCTTTAAAATATTCAACCTGAAG
GTTGCTCCTGAGATGAGCAAAAGCCTGGTTTGTGACATGATGCAAGGATCAGATGATAGTAGCATGCTAATCAGCTTCCCAGCTGA
TGACGAGAAGGTTCTCACCAGATGCAAAGTGGCCGCAGCCATATGCTTCCGAATGAAGAAGGAGCTGGGAGTGTACCTTGCCATCT
ACCCCTCAGAGAAGTCCACAGCAAACACAGATTTITGTGATGGAGTACAATTCTGAATTTTATTTCCACACCCAGCATGTTAGACCG
ACGATCAGGTGGATTGCAGCATGITGCAGCCTGCCAGAAGTGGAAACACTAGTAGCCCGCCAGGAAGAGGCCTCTAATCTAATGAC
TTCAGTTACTGAGGGGGGTCGGTCATTCTCCTTAGCTGCAATGATTCAGCAAGCTCAGTGCACTCTCCATTACATGCTAATGGGCA
TGGGAGTGTCTGAGCTATTCTTAGAGTATAAGAAGGCAGTGCTGAAGTGGAATGACCCTGGTCTGGGTTTCTTCCTGCTTGACAAT
CCTTATGCGTGCEGEETTGGCGAGGTTTTAGATTTAATCTCTTCAAAGCCATCACCAGAACTGATTTGCAGAAGCTATATGCTTTCTT
CATGAAGAAGGTTAAGGGCTCAGCTGCTAGGGACTGGGCAGATGAGGATGTTACCATCCCAGAAACGTGTAGCGTGAGCCCAGGTG
GCGCTCTAATTCTTAGCTCCTCTCTAAAGTGGGGATCTAGGAAGAAGTTTCAGAAACTGAGAGACCGTTTGAACATACCAGAGAAC
TGGATTGAGCTAATAAATGAGAATCCAGAGGTGCTCTATCGAGCTCCCAGAACAGGCCCAGAAATATTGTTGCGCATTGCAGAGAA
AGTCCATAGCCCTGGTGTTGTGTCATCATTGTCTTCTGGCAATGCAGTCTGTAAAGTCATGGCCTCAGCTGTATACTTCTTATCAG
CAACAATTTTTGAAGACACTGGACGCCCTGAGTTCAACTTCTTAGAGGATTCCAAGTACAGCTTGCTACAAAAGATGGCCGCATAT
TCTGGCTTTCATGGTTTCAATGATATGGAGCCAGAAGATATATTATTCCTATTCCCGAACATTGAGGAATTAGAATCACTGGATTC
TATAGTTTACAACAAGGGAGAAATAGACATCATCCCAAGAGTTAATATCAGGGATGCAACCCAAACCAGGGTCACTATCTTTAATG
AGCAGAAGACCCTCCGAACATCTCCAGAGAAGTTGGTGTCAGACAAGTGGTTCGGGACTCAGAAGAGTAGGATAGGCAAAACAACT
TTCCTGGCTGAATGGGAGAAGCTAAAGAAAATTCTGAAGTGGTTGGAAGACACTCCAGAAGCAACTCTAGCTCACACTCCACTGAA
TAACCATATTCAGGTTAGGAATTTCTTTGCTAGAATGGAAAGCAAGCCTAGAACGGTTAGAATAACAGGAGCTCCTGTAAAGAAGA
GGTCAGGGGTTAGCAAGATAGCTATGGTTATCCGTGACAATTTCTCCCGGATGGGCCATCTTAGAGGTGTAGAAGACCTCGCTAGC
TTCACTCGTAGTGTGTCAGCTGAAATCCTCAAGCACTTTCTGTTCTGCATACTACAGGGTCCATACAGTGAGAGCTATAAGCTACA
GCTAATCTACAGAGTCCTAAGCTCAGTGTCAAACGTTGAGATAAAGGAATCGGATGGTAAGACAAAAACCAATTTGATTGGGATCC
TTCAGAGATTTCTAGATGGTGATCACGTTGTCCCTATAATTGAAGAGATGGGAGCCGGAACAGTGGGTGGATTCATCAAGAGACAA
CAGTCTAAGGTTGTGCAAAATAAAGTGGTCTATTATGGAGT TGGGATCTGGAGAGGCTTCATGGATGGATATCAGGTCCATCTTGA
GATAGAAAATGACATAGGACAGCCCCCAAGGCTTAGGAATGTCACAACTAACTGTCAGAGCAGCCCATGGGATCTGAGTGTCCCAA
TAAGGCAGTGGGCAGAAGACATGGGGGTCACAAACAACCAGGATTATTCCTCTARATCTAGCAGAGGAGCTAGATATTGGATGCAT
TCATTTAGGATGCAAGGACCCAGCAAGCCATTTGGATGCCCAGTTTATATTATTAAGGGTGACATGTCAGATGTTATCAGACTGAG
AAAAGAGGAGGTGGAGATGAAAGTACGGGGCTCTACTCTCAACTTGTACACTAAGCACCATTICTCATCAAGACTTACACATTTTAT
CTTACACTGCATCAGACAATGATCTCAGTCCAGGCATTTTCAAGTCAATATCAGATGAGGGAGTAGCTCAAGCCCTGCAGTTATTT
GAGAGGGAGCCAAGCAACTGCTGGGTGAGATGTGAGTCTGTAGCTCCAAAATTCATATCAGCCATCCTTGAGATATGTGAGGGGAA
GAGACAGATAAAAGGAATCAACAGAACCAGACTCICAGAGATTGTGAGAATTTGTTCTGAATCTTCCCTAAGATCAAAGGTCGGAT
CTATGTTCTCATTTGTCGCCAATGTTGAGGAGGCCCATGATGTTGATTATGATGCGTTAATGGATCTAATGACAGAAGATGCTAAG
AACAATGCATTCAGTCATGTTGTCGATTGCATAGAGTTGGATGTTAATGGTCCTTACGAGATGGAGTCTTTTGATACATCTGATGT
CAACCTCTTITGGGCCAGCCCATTACAAGGACATCAGTTCATTATCTATGATTGCTCATCCCTTAATGGATAAGTTTGTTGATTATG
CCATTTCCAAGATGGGGAGAGCCTCAGTTAGAAAAGTTCTAGAGACAGGTCGGTGCTCTAGCAAAGACTATGATTTATCAAAGGTT
CTCTTCAGAACTCTACAGAGACCAGAAGAGAGCATTAGGATAGATGATCTGGAGTTATATGAGGAGACAGATGTGGCGGATGACAT
GCTAGGCTAAGCGGCCGC
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Figure 8
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Figure 9
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Figure 10
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Figure 18
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1
METHODS TO PRODUCE BUNYAVIRUS
REPLICON PARTICLES

RELATED APPLICATIONS

This application is the U.S. National Stage of International
Application No. PCT/NL2011/050631, filed Sep. 20, 2011,
published in English, and claims the benefit of European
Application Number 10177709.2, filed on Sep. 20, 2010 and
U.S. Application No. 61/468,597, filed on Mar. 29, 2011, the
entire teachings of the above applications are incorporated
herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Dec. 18, 2014, is named
P92482US10seqlist_ST25 and is 75,177 bytes in size.

FIELD

The invention relates to the field of recombinant viruses.
More specifically, the invention relates to methods for gener-
ating recombinant bunyavirus particles that are incapable of
autonomous spread. The resulting bunyavirus particles can be
used as a vaccine to protect a mammal against infectious
disease mediated by bunyavirus, and can be used as vector for
the transduction of a foreign gene.

The Bunyaviridae family is divided into five genera, of
which four (Orthobunyavirus, Nairovirus, Phlebovirus and
Hantavirus) include numerous virus species that are capable
of causing severe disease in both animals and humans. Well
known examples are hantaanvirus (HTNV, Hantavirus
genus), Crimean-Congo hemorrhagic fever virus (CCHFYV,
Nairovirus genus) and Rift Valley fever virus (RVFV, Phle-
bovirus genus).

In the veterinary field, RVFV is one of the most feared
bunyaviruses. Transmission of RVFV between ruminants
occurs via the bite of infected mosquitoes, whereas infection
of humans is believed to occur predominantly via aerosols
released from contaminated animal products. Mortality rates
in adult ruminants vary from 10 to 20%. Mortality rates in
unborn and young animals can be more dramatic, approach-
ing 100%. Although the human mortality rate is historically
estimated at about 2%, considerably higher mortality rates
were reported after recent outbreaks. Although the virus is
currently confined to the African continent and the Arabian
Peninsula, mosquitoes that transmit RVFV are not restricted
to these areas. This explains the growing concern for RVFV
incursions into other parts of the world, including Europe,
Asia and the Americas.

Bunyavirus family members contain a three-segmented
RNA genome, which is comprised of a large (L), a medium
(M) and a small (S) segment. All family members produce the
structural nucleocapsid (N) protein from the S genome seg-
ment, the viral polymerase protein from the . genome seg-
ment and the G1 and G2 structural glycoproteins from the M
genome segment. Nonstructural proteins are encoded by the S
(referred to as NSs) and M segments (referred to as NSm) of
phleboviruses and orthobunyaviruses. Interestingly, the M
segment of rairoviruses encodes several structural as well as
non-structural proteins and glycoprotein synthesis and pro-
cessing of these viruses is quite distinct from other members
of the Bunyaviridae family. However, the skilled person is
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2

without any doubts able to apply the teachings of the present
invention for the generation of nairoviruses replicon par-
ticles.

The RVFV M segment encodes the structural glycopro-
teins G2 (generally referred to as Gn) and G1 (generally
referred to as Gc) and at least two non-structural proteins,
which are collectively referred to as NSm. The M segment
encodes a singly mRNA with multiple translation initiation
sites. The translation products are Gn, Ge and the at least two
NSm proteins. The viral genomic segments contain untrans-
lated regions (UTRs) on both the 3' and the 5' ends that serve
as promoters for replication of the segment and for transcrip-
tion of the encoded reading frames.

The recent establishment of a reverse-genetics system for
RVFV has provided important new insights into its biology. A
few years after the first successful rescue of the complete
RVFV from cloned cDNA, Habjan et al. described the pack-
aging of a reporter minigenome into virus-like particles
(VLPs) (Habjan et al. 2009. Virology 385, 400-408). The
VLPs were produced by transient expression of the NSm, Gn,
Ge, N and L proteins in the presence of a reporter minige-
nome. The N and L proteins induced expression of a reporter
protein from the replicated minigenome and the structural
glycoproteins subsequently packaged the minigenome into
VLPs. These VLPs were shown to transport the reporter mini-
genome to receiving cells. Whereas primary transcription in
these cells was observed, replication of the minigenome was
dependent on the production of the N and L proteins from
transfected plasmids. Cells that are only infected with the
VLPs and which are not cotransfected with constructs
expressing N and L proteins, show limited expression of viral
protein. The viral genome is not replicated and there is no
amplification of the genome in these cells. Therefore, only
primary transcription of the viral genome occurs in these
cells.

Although RVFV, HTNV and CCHFV cause severe disease
with high case fatality in humans, no vaccines are available
for the prevention of these diseases in humans, and no anti-
viral agents are registered for post-exposure treatment. The
development of such control tools is severely complicated by
the fact that these viruses must be handled under high bio-
safety containment. RVFV also causes severe disease with
high case fatality in livestock. Effective, but not safe, vaccines
are registered for use outside the African continent.

Therefore, there is an urgent need to develop methods and
means for safe and efficient production of bunyavirus par-
ticles.

The present invention discloses non-spreading bunyavirus
replicon particles that are capable of autonomous genome
replication. Bunyavirus replicon particles (BRPs) were pro-
duced by trans-complementation of the structural glycopro-
teins G1 (G1 of RVFV is referred to as Gc) and G2 (G2 of
RVFYV is referred to as Gn) in both the presence and absence
of'the NSm coding-regions. BRPs were produced up to titers
of 10E7 infectious particles/ml. The resultant particles can be
used to study all aspects of the viral life cycle outside bio-
safety containment facilities both in vitro and in vivo. Fur-
thermore, the particles can be used in virus-neutralization
tests that can be performed outside biosafety containment
facilities and the antigens produced can be used for ELISAs
and other serological tests. Moreover, the methods described
here will facilitate the development of therapeutics and vac-
cines that optimally combine the safety of inactivated vac-
cines with the efficacy of live-attenuated vaccines. The meth-
ods can also be applied for the establishment of novel gene-
delivery systems.
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In a first aspect, the invention provides a method for gen-
erating a recombinant non-spreading BRP, the method com-
prising: A) providing a eukaryotic cell with growth medium;
B1) providing the eukaryotic cell with sufficient DNA-depen-
dent RNA polymerase, for example T7 polymerase; B2) pro-
viding the eukaryotic cell with sufficient bunyavirus (NSm)
GnGe protein; B3) providing the eukaryotic cell with a vector
that comprises a copyDNA (cDNA) of a bunyavirus L
genome segment which is flanked at the 5' end by a T7
promoter, and at the 3' end with cDNA encoding a ribozyme
sequence; B4) providing the eukaryotic cell with a vector that
comprises a cDNA of a Bunyavirus S genome segment or part
of'a Bunyavirus S genome segment at least comprising the N
gene and the 3' and 5' UTRs, which are flanked at the 5'end by
a T7 promoter and at the 3' end with ¢cDNA encoding a
ribozyme sequence; and, optionally, B5) providing the
eukaryotic cell with a vector that comprises a cDNA of a
Bunyavirus M genome segment from which the GnGe coding
region has been functionally inactivated, the cDNA encoding
the genome segment in between the 3' and 5' UTRs is flanked
at the 5' end by a T7 promoter and at the 3' end with cDNA
encoding a ribozyme sequence; C) generating a recombinant
Bunyavirus replicon particle which can be isolated from the
growth medium; wherein the sequence of steps 0of B1, B2, B3,
B4 and BS is random and all or part of these steps may be
performed simultaneously.

The cDNAs of the bunyavirus L., S and M genome seg-
ments are present in the vector in the genomic sense orienta-
tion or in the antigenomic sense orientation. When the cDNAs
of'the bunyavirus L, S and M genome segments are present in
the vector in the genomic sense orientation, it is preferred that
the cells are provided with plasmids that produce the N and LL
proteins.

The cDNAs of the bunyavirus genome segments in a
method for generating a recombinant bunyavirus replicon
particle according to the invention are flanked at the 5' end by
apromoter sequence fora DNA-dependent RNA polymerase.
Said promoter sequence for a DNA-dependent RNA poly-
merase is selected from any known promoter sequences of
DNA-dependent RNA polymerases such as, but not limited
to, the promoter sequence of a eukaryotic RNA polymerase |
such as, for example, a promoter for murine RNA polymerase
1, SP6, T3 and T7. For example, a method according to the
invention in which a eukaryotic cell is provided with suffi-
cient T3 polymerase and in which Bunyavirus genomic seg-
ments are flanked by a T3 promoter sequence or a method
according to the invention in which a eukaryotic cell is pro-
vided with sufficient SP6 polymerase and in which cDNA
encoding bunyavirus genomic segments are flanked by a SP6
promoter sequence, are also provided by the invention. T7 is
a preferred DNA-dependent RNA polymerase. Although the
description and the claims refer to T7 polymerase, it is to be
understood that the invention is not limited to T7 polymerase
but includes other DNA-dependent RNA polymerase such as,
for example, T3 polymerase and SP6 polymerase. A preferred
promoter sequence for a T7 polymerase is TAATACGACT-
CACTATAG.

Copy DNA of bunyavirus genomic segments or fragments
thereof are flanked at the 3' ends by a ¢cDNA encoding a
ribozyme sequence that mediates 3' end formation of the
RNA by self-cleavage of the nascent RNA. A preferred
ribozyme sequence is a hepatitis delta virus (HDV) ribozyme
sequence. A termination sequence that mediates termination
of the DNA-dependent RNA polymerase may further be
present distal to the cDNA encoding the ribozyme sequence.
In a preferred embodiment, the DNA-dependent RNA poly-
merase is T7 polymerase and the termination sequenceis a T7
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transcription termination sequence. Promoter sequences for
DNA-dependent RNA polymerases, such as T7 polymerase,
and termination sequences such as a T7 transcription termi-
nation sequence, are known to the skilled person.

The term “recombinant bunyavirus replicon particle”
refers to a bunyavirus particle that comprises at least a bun-
yavirus L-genome segment and (at least) a part of a bunyavi-
rus S genome segment comprising the N-gene and the 3' and
5' UTRs. These genomic segments encode the proteins that
are required for transcription and replication of these viral
genomic segments in an infected cell, resulting in replication
and thus amplification of the L and S genome segments in an
infected cell. Cells that are infected with a recombinant bun-
yavirus replicon particle according to the invention express
high levels of at least the bunyavirus L. and N proteins.

The term “L-genome segment” refers to a substantially
complete [.-genome segment. The term “substantially com-
plete” is used to indicate that the [. genome segment com-
prises cis-acting elements that mediate replication of the L
genome segment and that mediate functional expression of
the L-gene. The term “substantially complete” indicates that
sequences that are not involved in replication of the I genome
segment or in functional expression of the L-gene may be
deleted or substituted. The term “functional expression”
refers to expression of an L protein, a viral RNA-dependent
RNA polymerase, that is able to mediate replication and
transcription of a bunyavirus genome segment or bunyavirus
minigenome. The term “minigenome” refers to an RNA mol-
ecule that comprises the 5' and 3' regions of a bunyavirus
genome segment that function in replication of the segment,
but which lacks at least one bunyavirus coding region that is
present on the wildtype genome segment. A minigenome may
further comprise a foreign gene such as, but not limited to, a
marker gene such as a Fluorescent Protein, beta-glucu-
ronidase and beta-galactosidase. The term “L. genome seg-
ment from which the L coding region has been functionally
inactivated” refers to an L. genome segment, comprising the 3'
and 5' UTRs of the L genome segment.

The term “S genome segment comprising the N gene”
refers to an S genome segment, comprising the untranslated
regions of both the 3' and the 5' end of the S genome segment
and at least the nucleotide sequences for expression of the N
protein, such as nucleotide sequences for transcription of the
N-gene and translation of the N-gene-transcript. The term “S
genome segment from which the NSs and N coding regions
have been functionally inactivated” refers to an S genome
segment, comprising the 3' and 5' UTRs and the untranslated
intergenic region of the S genome segment.

The term “M genome segment from which the GnGe cod-
ing region has been functionally inactivated” refers to an M
genome segment, comprising the untranslated regions of both
the 3' and the 5' end of the M genome segment.

Bunyavirus L-, S- and M-genome segments are preferably
cloned in standard eukaryotic expression vectors, whereby
the genome segments are flanked by a DNA-dependent RNA
polymerase promoter, preferably a T7 promoter, and a HDV
ribozyme sequence. Suitable vectors comprise pBluescript
(Stratagene), pUC plasmids such as preferably pUC57 (Gen-
script), and medium and low-copy number vectors such as
pBR322 and derivates thereof (Mobitec, Germany),
pACYC184 (Chang and Cohen, 1978) and pCC1 (Epicentre
Biotechnologies, Madison, Wis.). Some Bunyavirus genome
segments, especially [-genome segments, are more stable
when cloned in medium or low copy number vectors prefer-
ably pCCl1.

The term functionally inactivated refers to a gene of which
the activity of the encoded RNA or protein is less than 10%
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under the same conditions of the activity of the encoded RNA
or protein of a gene that is not functionally inactivated, more
preferred less than 5%, more preferred less than 2%, more
preferred less than 1%. The term “functionally inactivated”
most preferably indicates a gene that is not expressed because
it is not transcribed or not translated, or a gene of which the
encoded protein is not active, for example by alteration or
deletion of one or more nucleotides within the coding region
of'the gene. The term “functionally inactivated gene” prefer-
ably is a gene of which part or all of the coding sequences
have been deleted.

The order in which a eukaryotic cell is provided with
sufficient T7 polymerase, sufficient bunyavirus (NSm)GnGce
protein, a bunyavirus [ genome segment, a bunyavirus S
genome segment comprising at least the N-gene and, option-
ally, a Bunyavirus M genome segment from which the (NSm)
GnGe coding region has been functionally inactivated, is
random. All or part of these steps may be performed subse-
quent to one another, or simultaneously. It will be clear to the
skilled person that the bunyavirus [ genome segment and/or
a bunyavirus S genome segment may comprise a functional
deletion of the [.-gene and/or N-gene, respectively, when the
cell is provided with RNA polymerase enzyme that is
encoded by a Bunyavirus [-genome segment and/or a N
protein that is encoded by a bunyavirus S-genome segment.

For practical reasons, it is preferred that a eukaryotic cell is
provided first with a bunyavirus [ genome segment, a bun-
yavirus S genome segment comprising the N-gene and,
optionally, a bunyavirus M genome segment from which the
(NSm)GnGe coding region has been functionally inactivated,
The resulting cell line harbouring a Bunyavirus [. genome
segment, a bunyavirus S genome segment comprising the
N-gene and, optionally, a bunyavirus M genome segment
from which the (NSm)GnGce coding region has been func-
tionally inactivated, is subsequently provided with sufficient
bunyavirus (NSm)GnGe protein to mediate efficient packag-
ing of the bunyavirus genome segments into BRPs.

Alternatively, a cell line is first provided with sufficient T7
polymerase and sufficient bunyavirus (NSm)GnGe protein by
infection or transfection of a construct encoding these pro-
teins, followed by provision of the cell with a bunyavirus L
genome segment, a bunyavirus S genome segment compris-
ing the N-gene and, optionally, a bunyavirus M genome seg-
ment from which the (NSm)GnGce coding region has been
functionally inactivated.

The term “sufficient T7 polymerase” refers to the amount
of T7 polymerase that is provided to a eukaryotic cell that is
sufficient to mediate efficient transcription of cDNA mol-
ecules encoding the bunyavirus [ genome segment and the
complete S genome segment or the part of a bunyavirus S
genome segment at least comprising the N gene, that are
flanked by a T7 promoter sequence and cDNA encoding a
HDV ribozyme. It was found that rescue of a bunyavirus by
providing a eukaryotic cell stably expressing T7 RNA poly-
merase under control of a cytomegalovirus promoter such as,
for example, the BSR T7/5 cell line (Buchholz et al. 1999. J.
Virol. 73: 251-259) with one or more vectors that comprise a
bunyavirus . genome segment, a bunyavirus M genome,
and/or abunyavirus S genome segment, or functional parts of
one or more of the bunyavirus genome segments, was ineffi-
cient.

An improved and reproducible rescuing efficiency was
obtained when eukaryotic cells were freshly infected or trans-
fected with an expression vector that encodes the T7 poly-
merase.

Therefore, in a preferred method according to the inven-
tion, the eukaryotic cell is provided with sufficient T7 poly-
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merase by freshly transfecting or infecting the eukaryotic cell
with an expression vector that encodes the T7 polymerase.

In one embodiment, the expression vector is a plasmid that
encodes the T7 polymerase. Suitable plasmids are, for
example, pCAGGS, and pcDNA. In a preferred embodiment,
the expression vector is a recombinant virus or viral vector
that encodes the T7 polymerase. A suitable virus or viral
vector is, for example, a replication defective retroviral vector
such as a lentiviral vector, for example a HIV-based vector or
an EIAV-based vector, or a replication defective MMLV-
based vector. A further suitable virus or viral vector is pro-
vided by a replication defective adenoviral vector and a bacu-
loviral vector. A preferred virus or viral vector is a replication
defective poxvirus such as, for example, a vaccinia-based
virus. In a most preferred method according to the invention,
the eukaryotic cell is provided with sufficient T7 polymerase
by infecting the eukaryotic cell with a fowlpoxvirus (FPV)-
based expression vector that encodes the T7 polymerase. The
FPV may be replication competent or replication defective.

Without being bound by theory, a reason for the improved
and reproducible rescuing efficiency by using a FPV-based
expression vector is that the level of T7 polymerase is suffi-
ciently high to allow efficient transcription of the bunyavirus
cDNA genome segments. A further reason could be that FPVs
produce their own capping enzyme. Capping of the T7 tran-
scripts could stabilize the bunyaviral RNA that is produced
from the cDNA, protecting the RNA from degradation.

A further advantage of a FPV is that it belongs to the genus
Avipoxvirus and is capable of spreading in avian cells. In
non-avian cells such as, for example, mammalian cells, FPV
replication is abortive with no evidence of production of
infectious virus. Therefore, when the eukaryotic cell is a
non-avian eukaryotic cell, a replication competent FPV-
based expression vector or a replication deficient FPV-based
expression vector is preferably used for a method of the
invention. When the eukaryotic cell is an avian eukaryotic
cell, it is preferred that a replication deficient FPV-based
expression vector is used for a method of the invention.

The term “providing (NSm)GnGe protein” indicates that at
least the bunyavirus Gn and Gc proteins are provided. In
addition to the Gn and Ge protein, also one or more NSm
proteins may be provided.

The term “sufficient bunyavirus (NSm)GnGc protein”
refers to the amount of (NSm)GnGe proteins that are pro-
vided to a eukaryotic cell that is sufficient to mediate efficient
packaging of the bunyavirus genome segments in a recombi-
nant bunyavirus replicon particle. A cell can be provided with
sufficient bunyavirus (NSm)GnGe proteins by transfecting or
infecting the cell with a vector that mediates expression of the
bunyavirus (NSm)GnGe proteins. If a Bunyavirus M genome
segment from which the (NSm)GnGe coding region has been
functionally inactivated, is present in the eukaryotic cell, it is
preferred that there is no sequence overlap between the bun-
yavirus (NSm)GnGe protein-encoding sequence in the
eukaryotic cell and the bunyavirus M genome segment to
prevent the generation of a packaging-competent bunyavirus.

A eukaryotic cell is preferably provided with sufficient
bunyavirus (NSm)GnGc proteins by transfecting the eukary-
otic cell with an expression plasmid encoding the bunyavirus
(NSm)GnGe proteins. Said expression plasmid preferably
comprises a promoter region comprising regulatory
sequences that control the expression of the bunyavirus
(NSm)GnGe proteins. Suitable promoter sequences are
known in the art, including, but not limiting to, promoter
sequences from a virus such as cytomegalovirus (CMV), ora
promoter region from a housekeeping gene such as beta-
actin, for example a chicken actin promoter. If introduction of
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such expression vector(s) results in death of cells that produce
high levels of the proteins due to their toxicity, end-point
dilution yields clones that express tolerable levels of these
proteins. It was found that the selected cells were tolerable for
higher expression levels provided by subsequent (re)intro-
duction of (NSm)GnGe-producing expression vector(s).

The invention further provides a eukaryotic replicon cell
line expressing (NSm)GnGe-proteins and comprising the
bunyavirus [ genome segment and the bunyavirus S genome
segment or at least part of a bunyavirus S genome segment
comprising the N-gene and the 3' and 5' UTRs. It was found
that low levels of (NSm)GnGce was sufficient to prevent loss
of the bunyavirus genome segments from the cells. Without
being bound by theory, expression of the (NSm)GnGe-pro-
teins, albeit at low levels, allowed production of BRPs which
continuously re-infected cells. To produce BRPs, the eukary-
otic replicon cell line is provided with sufficient bunyavirus
(NSm)GnGe protein by repetitive introduction of a vector
providing bunyavirus (NSm)GnGe protein.

In a more preferred embodiment, the eukaryotic cell in a
method according to the invention is provided with bunyavi-
rus (NSm)GnGe proteins by infecting the eukaryotic cell with
a viral vector that transduces the bunyavirus (NSm)GnGe
proteins. In one embodiment, said viral vector is an adenovi-
rus-based vector, a retrovirus-based vector or a herpesvirus-
based vector. A preferred viral vector that transduces the
bunyavirus (NSm)GnGce proteins is a paramyxovirus-based
vector. A preferred paramyxovirus is of the genus Avulavirus,
which includes avian paramyxovirus. A preferred avian
paramyxovirus is Newcastle disease virus (NDV). A pre-
ferred NDV comprises a recombinant cDNA clone of NDV
strain L.aSota, named NDFL (Peeters et al. 1999. J. Virol. 73:
5001-5009), in which a codon-optimized GnGc gene is
flanked by newly introduced transcription start and stop
sequences (Kortekaas et al. 2010. Vaccine 28:4394-4401). A
further preferred NDV is a vector derived from a recombinant
virulent strain such as, for example, GB Texas, Italien, Milano
and Herts *33/56, that transduces (NSm)GnGe proteins. The
vector preferably is a non-replicative or non-spreading NDV.
A preferred vector comprises a genome from a recombinant
virulent NDV strain with a deletion in the gene encoding the
HN-protein. The viral vector is produced in a cell line that
trans-complements the HN protein.

In a further preferred embodiment, the eukaryotic cell is
provided with bunyavirus (NSm)GnGce proteins by infecting
the eukaryotic cell with a recombinant viral vector that trans-
duces the bunyavirus (NSm)GnGe proteins, followed by
selection of a cell in which the recombinant viral vector is
persistently present without causing overt cytopathogenic
effect. Proteins encoded by the virus such as, for example,
bunyavirus (NSm)GnGe proteins, are expressed during the
persistent infection. It was found that a persistently infected
cell tolerates higher expression levels of bunyavirus GnGe
proteins, compared to a cell that is stably transformed with an
expression vector expressing bunyavirus GnGe proteins.

A preferred viral vector for generating a persistently
infected cell is based on a herpesvirus, for example a herpes
simplex virus, Epstein-Bar virus, or varicella zoster virus, on
a retrovirus such as, for example HIV, EIAV, or MMLYV, or on
a paramyxovirus, for example an Avulavirus, which includes
avian paramyxovirus. A preferred avian paramyxovirus is
Newcastle disease virus (NDV). A preferred NDV comprises
a recombinant ¢cDNA clone of NDV strain LaSota, named
NDFL (Peeters et al. 1999. J. Virol. 73: 5001-5009), in which
a codon-optimized GnGc gene is present flanked by newly
introduced transcription start and stop sequences (Kortekaas
et al. 2010. Vaccine 28:4394-4401).
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A eukaryotic cell may be transiently or stably expressing
bunyavirus (NSm)GnGe proteins. It was found initially that a
eukaryotic cell that was stably transformed with an expres-
sion plasmid mediating high expression levels of bunyavirus
(NSm)GnGe proteins could not be obtained. This may in part
be explained by our observation that constitutive high expres-
sion levels of GnGce might not be tolerated in eukaryotic cells.
However, expression from a virus that persistently infected
these eukaryotic cells was tolerated.

To enable the generation of a stable cell line, a eukaryotic
cell is preferably provided with bunyavirus (NSm)GnGe pro-
teins by transfecting or infecting the eukaryotic cell with an
expression vector that provides conditional expression of the
bunyavirus (NSm)GnGe proteins. The term “conditional
expression” is known to the skilled person and refers to a
controlled expression of a protein, which is not, or only at low
level expressed under a first condition, but of which the
expression is increased under a second condition.

In a preferred conditional expression system, expression of
bunyavirus (NSm)GnGce proteins is dependent on the pres-
ence of an inducer or the absence of an inhibitor. Several
inducible gene expression systems are currently available that
can be used to control expression of (NSm)GnGce proteins.
Tet-On and Tet-Off expression systems (for example Tet-
On® and Tet-Off® Advanced Inducible Gene Expression
Systems, Clontech) can be used for inducible expression of a
gene of interest. In these systems expression of the transcrip-
tional activator (tTA) is regulated by the presence (Tet-On) or
absence (Tet-Off) of tetracycline (TC) or a derivative of tet-
racycline such as doxycycline (dox). The tTA is composed of
the Escherichia coli Tet repressor protein (TetR) and Herpes
simplex virus transactivating domain VP16. tTA regulates
transcription of a gene of interest under the control of a
tetracycline-responsive element (TRE) consisting of the Tet
operator (TetO) DNA sequence and a promoter sequence, for
instance the human cytomegalovirus (hCMV) promoter
(Baron, U. and Bujard, H. Methods Enzymol 327, 401-421
(2000)). A gene encoding bunyavirus (NSm)GnGc is posi-
tioned downstream of the tetracycline-responsive element.

In the Tet-Off system, tTA binds to TRE in the absence of
TC or dox (Gossen, M. and Bujard, H. Proc Natl Acad Sci
USA 89, 5547-5551 (1992)) and transcription of bunyavirus
(NSm)GnGe proteins is activated, whereas tTA cannot bind
TRE in the presence of TC or dox and expression is inhibited.
In contrast, the Tet-On system uses a reverse tTA (rtTA) that
can only bind the TRE in the presence of dox (Gossen, M. et
al. Science 268, 1766-1769 (1995)). Transcription of bun-
yavirus (NSm)GnGe proteins is inhibited in the absence of
TC or dox and activated in the presence of TC or dox.

In another embodiment, conditional expression is executed
using a hormone inducible gene expression system such as,
for instance, an ecdysone inducible gene expression system
(for example RheoSwitch®, New England Biolabs) (Chris-
topherson, K. S. et al. Proc Natl Acad Sci USA 89, 6314-6318
(1992)). Ecdysone is an insect steroid hormone. In cells
expressing the ecdysone receptor, a heterodimer consisting of
the ecdysone receptor (Ecr) and retinoid X receptor (RXR) is
formed in the presence of an ecdysone agonist. An exdysone
agonist can be selected from ecdysone, one of its analogues
such as muristerone A and ponasterone A, and a non-steroid
ecdysone agonist. In the presence of an agonist, Ecr and RXR
interact and bind to an ecdysone response element that is
present on an expression cassette. Transcription of a protein
that is placed in an expression cassette downstream of the
ecdysone response element is thus induced by exposing the
cell to an ecdysone agonist.
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It will be clear to the skilled person that a eukaryotic cell
line can be obtained that expresses sufficient bunyavirus
(NSm)GnGe proteins by transfecting or infecting the eukary-
otic cell with a vector that mediates conditional expression of
the bunyavirus (NSm)GnGe proteins. Said vector preferably
is a viral vector, for example derived from a paramyxovirus
such as a Newcastle disease virus, or, more preferred, an extra
chromosomal DNA molecule which is capable of replicating
independently from the chromosomal DNA such as a plas-
mid.

In a preferred method according the invention, one or more
of'the bunyavirus [. genome segment, the S genome segment,
and/or, when present, the M genome segment comprises a
foreign gene. Said foreign gene is preferably derived from an
organism that is a transmitter of an infectious disease. Said
organism is preferably selected from adenovirus, African
horsesickness virus, African swine fever, Bluetongue virus,
Border disease virus, Borna virus, Bovine viral diarrhoe
virus, Bovine respiratory syncytial virus, Cache Valley fever
virus, Chikungunya virus, Chrysomya bezziana, Classical
swine fever, Crimean-Congo hemorrhagic fever virus,
Nairobi sheep disease virus, Cochliomyia hominivorax,
Coronavirus, Cytomegalovirus, Dengue virus, Eastern
equine encephalitis virus, Ebola virus, Equine encephalomy-
elitis virus, Equine encephalosis virus, Foot and mouth dis-
ease virus, Goat pox virus, Hantaanvirus, Hendra virus,
Hepatitis A virus, Hepatitis B virus, Hepatitis C virus, Hepa-
titis E virus, Herpes simplex virus, Highly pathogenic avian
influenza virus, Human immunodeficiency virus, Human
parainfluenza virus, Influenza virus, Japanese encephalitis
virus, Kaposi’s sarcoma-associated herpesvirus, Lassa virus,
Lujo virus, Marburg virus, Marsilia virus, Measles virus,
Monkeypox virus, Mumps virus, Nipah virus, Papillomavi-
rus, Papova virus, Peste des petits ruminants, Polio virus,
Polyomavirus, Rabies virus, Respiratory syncytial virus, Rhi-
novirus, Rinderpest virus, Rotavirus, Rubella virus, Sandfly
fever Naples virus, Sandfly fever Sicilian virus, SARS coro-
navirus, Sheep pox virus, Simian immunodeficiency virus,
Smallpox virus, St. Louis encephalitis virus, Toscana virus,
Varicella-zoster virus, West Nile virus, Western equine
encephalitis virus, Yellow fever virus, Bacillus anthracis,
Bordetella pertussis, Brucella spp., Campylobacter jujuni,
Chlamydia trachomatis, Clostridium botulinum, Coxiella
burnettii, Francisella tularensis, Group B streptococcus,
Legionella pneumophila, Leptospira spp., Mycobacterium
leprae, Mycobacterium tuberculosis, Mycobacterium ulcer-
ans, Neisseria meningitidis, Salmonella, Shigella spp., Try-
panosoma cruzi, Vibrio cholerae, Yersinia pestis, Myco-
plasma mycoides, Plasmodium malariae, Plasmodium ovale,
Plasmodium ssp., Plasmodium vivax, laenia solium, Taenia
spp., and Trypanosoma brucei. Said organism may also be a
bunyavirus that is the same or different from the bunyavirus
from which the (NSm)GnGe proteins are derived. Said for-
eign gene is preferably derived from an influenza virus and
preferably comprises a hemagglutinin protein and/or a neu-
ramidase protein.

In a further preferred method according to the invention, a
foreign gene is present on a M, L or S-minigenome. The term
“minigenome” refers to an RNA molecule that at least com-
prises the 5' and 3' regions of a bunyavirus M, L. and/or S
genome segment that function in replication and transcription
of'the genomic segment. The 5'and 3' regions of a bunyavirus
M, L and/or S genome segment comprise partially comple-
mentary untranslated regions (UTRs) flanking the coding
region of each segment. The terminal 8 nucleotides of these
UTRs are conserved between the three segments, while the
remaining sequences of the regions are unique. The UTRs
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direct replication and transcription of viral RNA and mediate
encapsidation of viral RNA into ribonucleoprotein com-
plexes. A minigenome is preferably present in addition to a
bunyavirus L. genome segment and an S genome segment at
least comprising the N-gene. In addition, an M genome seg-
ment from which the GnGe coding region has been function-
ally inactivated is optionally present.

When present, the foreign gene is preferably positioned in
an expression cassette that mediates expression of the RNA
and/or protein product of the foreign gene. It is further pre-
ferred that said expression cassette mediates cell-specific or
tissue-specific expression of the RNA and/or protein product
of the foreign gene.

The eukaryotic cell in a method of the invention is prefer-
ably a cell that can easily be infected and/or transtected using
standard methods known to the skilled person, such as, for
example, yeast cells and chicken fibroblast cells. Said eukary-
otic cell preferably is an insect cell or a mammalian cell.
Suitable insect cells comprise, for example, ovarian
Spodoptera frugiperda cells such as Sf9 and Sf21, Droso-
phila Schneider 2 cells and Aedes albopictus C6/36 cells.
Suitable mammalian cells comprise, for example, Baby Ham-
ster Kidney cells such as BHK-21, Human Embryonic Kid-
ney cells such as HEK293, VERO cells, MDCK cells, CHO
cells, HuH-7, HeLL.a, SW13 and PER.C6 cells (Fallaux, F. J. et
al. 1998. Hum Gene Ther 9: 1909-1917). A preferred cell is
BHK-21.

A method according to the invention can be used to gener-
ate a recombinant bunyavirus replicon particle from a bun-
yavirus that is or will be known to a skilled person. A method
according to the invention is preferably used to generate a
recombinant Crimean-Congo hemorrhagic fever virus repli-
con particle, a recombinant Nairobi-sheep disease virus rep-
licon particle, a recombinant Dobrava-Belgrade virus repli-
con particle or, most preferred, a recombinant Rift Valley
fever virus replicon particle.

The invention further provides a recombinant bunyavirus
replicon particle, comprising a bunyavirus [. genome seg-
ment, a bunyavirus S genome segment or part of a bunyavirus
S genome segment comprising at least the N gene and,
optionally, a bunyavirus M genome segment from which the
GnGe coding region has been functionally inactivated. Said
recombinant bunyavirus replicon particle can be generated
using a method according to the invention. Said bunyavirus
replicon particle is preferably selected from the genera Han-
tavirus, Nairovirus, Orthobunyavirus, and Phlebovirus,
which include numerous virus species capable of causing
severe disease in both animals and humans. Well known
examples are hantaanvirus (HTNV) and Dobrava-Belgrade
virus (DOBV) (both of the Hantavirus genus), Crimean-
Congo hemorrhagic fever virus (CCHFV) and Dugbe virus
(both of the Nairovirus genus), Bunyamwera virus (Orthobu-
nyavirus), Oropouche virus (Orthobunyavirus), Rift Valley
fever virus (RVFV, Phlebovirus genus) and further members
of the Phlebovirus genus: Toscana virus, Sandfly fever
Naples virus, Punta Toro virus, Uukuniemi virus, Massilia
virus and severe fever with thrombocytopenia syndrome
virus. Further preferred bunyaviruses include, but are not
limited to, viruses of the Dera Ghazi Khan virus Group, the
Hughes virus Group, Nairobi sheep disease virus Group,
Qalyub virus Group, Sakhalin virus Group, and the Thiafora
virus Group.

Itis preferred that one or more of the bunyavirus L. genome
segment, the S genome segment, and/or, when present, the M
genome segment of recombinant bunyavirus replicon particle
according the invention, comprises a foreign gene. Said for-
eign gene is preferably derived from an organism that is a
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transmitter of an infectious disease. As an alternative, a pre-
ferred recombinant bunyavirus replicon particle according to
the invention comprises a foreign gene that is present on a M,
L or S-minigenome.

A preferred recombinant bunyavirus replicon particle
according to the invention is derived from a bunyavirus
selected from Crimean-Congo hemorrhagic fever virus,
Nairobi-sheep disease virus, Dobrava-Belgrade virus and
Rift Valley fever virus. A most preferred bunyavirus is Rift
Valley fever virus.

The invention additionally provides a method for produc-
ing a recombinant bunyavirus replicon particle, the method
comprising A) providing a eukaryotic cell with growth
medium, B) providing the eukaryotic cell with sufficient bun-
yavirus (NSm)GnGe, and C) infecting the eukaryotic cell
with a recombinant bunyavirus replicon particle according to
the invention, so as to produce a bunyavirus replicon particle.
Said eukaryotic cell is preferably a cell that is persistently
infected with a viral vector that transduces the bunyavirus
(NSm)GnGe proteins, or a stable cell in which an expression
construct that expresses the Bunyavirus (NSm)GnGe pro-
teins is integrated into the genome. Said expression construct
preferably comprises means for conditional expression of the
bunyavirus (NSm)GnGc proteins.

A recombinant bunyavirus replicon particle according to
the invention is safe and can be used outside a biosafety
containment. Said recombinant bunyavirus replicon particle
can be used, for example, for screening and development of
anti-viral agents, for example for development of a high
throughput system for screening of suitable compound librar-
ies. Said recombinant bunyavirus replicon particle can also be
used in tests or assays including virus neutralization assays or
virus neutralization tests (VNT) and ELISAs, including
whole-virus ELISAs, and hemagglutination assays.

For example, a classical VNT requires handling of live
bunyavirus and must therefore be performed in appropriate
biosafety containment facilities. Another drawback of the
classical VNT is that the assay requires 5-7 days for comple-
tion. An advantage of the use of bunyavirus replicon particles,
such as RVFV replicon particles (RRPs), in stead of live
bunyavirus, is that the VNT can be performed outside bio-
containment facilities. A further advantage is that the VNT
requires only 24-48 hrs for completion.

The invention further provides a recombinant bunyavirus
replicon particle according the invention for use as a medica-
ment. A recombinant bunyavirus replicon particle according
the invention is preferably for use as a medicament for ame-
lioration of a bunyavirus infection in an animal, including in
a human.

A pharmaceutical medicament comprising a recombinant
bunyavirus replicon particle according the invention may
additionally comprise a pharmaceutical acceptable adjuvant,
diluent or carrier. A medicament according to the invention is
preferably combined with other therapeutic options, includ-
ing but not limited to a combination treatment with ribavirin,
and/or derivatives of ribavirin such as taribavirin.

The invention further provides a vaccine comprising a
recombinant bunyavirus replicon particle according to the
invention. Said vaccine preferably comprises an adjuvant.
Adjuvant substances are used to stimulate immunogenicity.
Examples of commonly used immunological adjuvants are
aluminum salts, immunostimulating complexes (ISCOMS),
non-ionic block polymers or copolymers, cytokines (like
1L-1, 1L-2, IL-7, etc.), saponins, monophosphoryl lipid A
(MPLA), muramyl dipeptides, vitamin E, polyacrylate res-
ins, and oil emulsions. Preferably, the adjuvant is a sulfoli-
popolysaccharide, such as the SLP/S/W adjuvant described in
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Hilgers et al. Vaccine 1994 12:653-660. A further preferred
adjuvant is provided by a triterpene, such as squalene, and
derivatives and modifications thereof.

Bunyavirus replicon particles, for example RRPs, accord-
ing to the invention are non-spreading particles that are
capable of autonomous genome replication. Bunyavirus rep-
licon particles according to the invention contain both the S
and L genome segment, or functional parts thereof, but lack a
bunyavirus M genome segment or comprise a bunyavirus M
genome segment on which the GnGe coding region has been
functionally inactivated. The presence of the L. and S genome
segments, which encode the N protein and the L protein,
enables the resulting particles of autonomous genome repli-
cation. The absence or inactivity of a GnGce coding region
prevents assembly and spread of virus particles. The replicon
particles can be produced in cells that supply GnGe in trans to
titers up to 10E7 infectious particles/ml. Replication of the
bunyavirus genome and/or expression of the N and L. protein
in a host might result in an improved immune response, when
compared with an immune response induced by vaccination
with bunyavirus-like particles or viral subunits. For example,
a single intramuscular vaccination with RRPs protects mice
against a lethal challenge dose with RVFV strain 35/74.

Said vaccine may be administered to an animal, including
a human, by any method known in the art. Said vaccine is
preferably administered by needle-free, non-invasive meth-
ods such as oral, intranasal and/or intratracheal administra-
tion, for example through inhalation or the use of nose-sprays.
Said vaccine is more preferably parenterally administered,
for example, intramuscularly, subcutaneously, intraperito-
neally, intradermally or the like, preferably intramuscularly.

A vaccine according to the invention is administered in
effective amounts according to a schedule which may be
determined by the time of anticipated potential exposure to a
bunyavirus. In this way, the treated animal, including a
human, may have time to build immunity prior to the natural
exposure. A typical treatment schedule or dosing regimen
comprises parenteral administration, preferably intramuscu-
lar injection, of one dosage unit, at least about 2-8 weeks prior
to potential exposure. If required, a second dosage unit is
administered at about 2-4 weeks prior to potential exposure.
The second dosage may be administered by the same method,
or by a method differing from the first dosage unit.

The administration of a vaccine according to the invention
preferably protects the animal, including a human, against a
subsequent infection by the bunyavirus. In a preferred
embodiment, a vaccine according to the invention comprises
a recombinant Rift Valley fever virus replicon particle that
protects the animal, including a human, against a subsequent
infection by Rift Valley fever virus.

An important advantage of a vaccine according to the
invention is that the virus is not capable of autonomous spread
in the vaccinated animal. The inability to spread from the
initial site of inoculation, greatly adds to the safety of this
vaccine, both for the inoculated animal, the administrator of
the vaccine as well as the environment. The inability to cause
viremia in the vaccinated animal also prevents any concerns
about possible transmission of this vaccine by insect vectors
(see Moutailler et al. 2010. Vector Borne Zoonotic Dis
10:681-688). A vaccine comprising a non-spreading Bun-
yavirus replicon particle according to the invention which
lacks the NSs gene (such as those reported in Example 1 and
in Kortekaas et al. 2011. J. Virol. Accepted for publication)
are considered of optimal safety, due to the lack of this major
virulence factor.

A further important advantage of a vaccine according to the
invention compared to inactivated vaccines or subunit vac-
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cines is the fact that the present vaccine does not depend on an
adjuvantto induce immunity. In addition, a vaccine according
to the invention can be produced with superior cost-effective-
ness and will be superior with respect to duration of immu-
nity. Although the virus is non-spreading, due to the inability
to express GnGe protein, the viral genome is replicated in
infected cells and N- and L-proteins are expressed, resulting
in a strong, long-lasting induction of an immune response in
a recipient.

It is important to note that there are concerns about the
safety of the MP-12 (Morrill et al. 1991. Vaccine 9:35-41,
Morrill et al. 1997. Am J Vet Res 58:1104-1109, Morrill et al.
1997.58:1110-1114, Morrill et al. 2011. 204:229-236, Mor-
rill etal. 2011. J Infect Dis 204:617-625), Clone 13 (Muller et
al., 1995. Am J Trop Med Hyg. 53:405-411, Vialat et al. 2000.
J Virol 74:1538-1543, Dungu et al. 2010. Vaccine 28:4581-
4587) and R566, a reassortant virus that contains the S seg-
ment of the Clone 13 virus and the L. and M segments of the
MP-12 virus (Flick et al. 2009. Antiviral Res 84:101-118)
vaccine viruses. The MP-12 vaccine virus was shown to con-
tain potential attenuating mutations on each of the three
genome segments (Vialat et al. 1997. Virus Res 52:43-50).
The nucleotide changes responsible for attenuation of this
virus are, however, not mapped. It is therefore possible that
only a single nucleotide change could result in reversion to
virulence. Although several studies have demonstrated the
safety of the MP-12 vaccine (see papers of Morrill etal. noted
above), a further study demonstrated that the MP-12 vaccine
is not safe when administered to gestating ewes during the
first trimester of gestation (Hunter et al., 2002 Onderstepoort
J Vet Res 69; 95-98). Since the R566 vaccine contains the L.
and M segments of the MP-12 virus, similar concerns may be
raised about the safety of this vaccine.

Death of Clone 13-vaccinated mice due to neurological
disorders and paralysis was reported in one of the first articles
on the Clone 13 virus (Vialat et al. 2000. J Virol 74:1538-
1543). This finding suggested that the safety of the Clone 13
virus should also be further studied in clinical trials involving
large numbers of animals.

None of the animals that were vaccinated with a Bunyavi-
rus replicon particle according to the invention suffered from
complications associated with the vaccination.

The invention further provides a method of stimulating an
immune response against bunyavirus in an animal, including
a human, the method comprising providing the animal with a
recombinant bunyavirus replicon particle according to the
invention. In a preferred method, a recombinant Rift Valley
fever virus replicon particle according to the invention is
provided to an animal, including a human, to stimulate an
immune response against Rift Valley fever virus.

The invention further provides the use of a recombinant
bunyavirus replicon particle according to the invention, for
stimulating an immune response against a protein encoded by
the foreign gene. In one embodiment, said foreign gene pref-
erably encodes an antigenic protein that is expressed by an
Orthomyxovirus, preferably influenza A virus, or an immu-
nologically-active part or derivative of a protein that is
expressed by an Orthomyxovirus. Methods for determining
whether a protein, or a part or derivative of a protein, is
immunologically active are known to the person skilled in the
art, including algorithms that predict the immunogenicity of a
protein such as an algorithm of Parker and an algorithm of
Rammensee, as disclosed in Provenzano et al. 2004. Blood
104: Abstract 2862) and including the injection of the purified
protein, or a part or derivative of the protein in a suitable
animal and determining whether the protein, or a part or
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derivative of a protein is capable of stimulating antibodies
against the protein, or a part or derivative of a protein.

The term immunologically-active part indicates a part of a
protein that is able to induce a cellular and/or humoral
immune response against the protein in an animal, including
a human. The term immunologically-active derivative indi-
cates a protein or part of a protein that is modified, for
example by addition, deletion or alteration of one or more
amino acids and which is able to induce a cellular and/or
humoral immune response against the protein in an animal,
including a human. It is preferred that an immunologically-
active derivative has a sequence identity of more than 70%
compared to the parental protein, for example the protein that
is expressed by the Orthomyxovirus, preferably an influenza
A virus. The sequence identity is more preferred more than
80%, more preferred more than 90%, more preferred more
than 95%, more preferred more than 99%, most preferred
100%, as based on the amino acid sequence of the protein or
protein parts. Said immunologically-active derivative is, for
example, a protein that comprises a signal peptide for secre-
tion out of the cell in which it is produced, a protein that
comprises a sequence that provides a trans-membrane such as
a type 1, II or III targeting domain, or a protein in which a
protease cleavage site has been altered to enhance the half-life
of' the protein.

FIGURE LEGENDS

FIG. 1.

Expression of the N protein from the RVFV S genome
segment. BSR-T7/5 cells (A) or FP-T7-infected BHK-21
cells (B) were transfected with plasmid pUCS57-S, encoding
the RVFV S genome segment in the antigenomic-sense ori-
entation. Expression of the RVFV N protein was detected
using a N protein-specific mAb and HRP-conjugated anti-
mouse IgG antibodies.

FIG. 2.

Production of Rift Valley fever virus replicon particles
(RRPs) containing three genome segments. BHK cells were
infected with FP-T7 and subsequently transfected with a plas-
mid encoding the M-eGFP minigenome (M-eGFP), or in
combination with plasmids encoding the RVFV L and S
genome segments (M-eGFP/L/S), or in combination with the
aforementioned plasmids and pCAGGS-NSmGnGe
(M-eGFP/L/S+NSmGnGc). The number of eGFP-positive
producer cells, recipient cells or recipient cells previously
transfected with helperplasmids (+HP) pClneo-RVFV-L and
pCAGGS-N were determined by flow cytometry.

FIG. 3.

Production of RRPs containing two genome segments.
BHK cells were infected with FP-T7 and subsequently trans-
fected with a plasmid encoding the S-eGFP minigenome
(S-eGFP), or in combination with plasmids encoding the
RVFV L genome segments (S-eGFP/L), or in combination
with the aforementioned plasmids and pCAGGS-NSmGnGe
(S-eGFP/L+NSmGnGe). The number of eGFP-positive pro-
ducer cells, recipient cells or recipient cells previously trans-
fected with helperplasmids (+HP) pClneo-RVFV-L. and
pCAGGS-N were determined by flow cytometry.

FIG. 4.

Expression of GnGe in BHK-GnGe cells. Detection of
GnGe expression in BHK-21 cells (negative control, A) and
BHK-GnGe cells (B) by IPMA using polyclonal antibodies
directed against the Gn and Gc proteins and detection of Ge in
cell lysates on a Western blot (C) using a peptide antiserum.
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FIG. 5.

Expression of eGFP in BHK-GnGe cells persistently
infected with NDV-GnGe maintaining the RVFV L genome
segment and S-eGFP minigenome at cell passage 18.

FIG. 6.

RRP production by BHK-GnGe cells after introduction of
pCAGGS-GnGe or pPCAGGS-NSmGnGe. At 16 h after trans-
fection, the culture medium was replaced by fresh medium.
RRP titers were determined on BHK-21 cells using the Spear-
man-Kérber method (Kéarber 1931. Arch. Exp. Path. Pharmak
162, 480-483; Spearman 1908 Br. J. Psychol 2, 227-242).

FIG. 7.

(A) Partial sequence pUCS57-L (SEQ ID NO:20): Plasmid
encodes the RVFV strain 35/75 L genome segment in antige-
nomic-sense orientation.

c¢DNA of the RVFV strain 35/74 L. genome segment,
flanked by a T7 promoter and cDNA encoding a HDV
ribozyme was synthesized by the GenScript Corporation and
cloned in the pUC57 vector using Kpnl/HindIIl. The T7
promoter, HDV ribozyme sequence and T7 terminator
sequences, respectively, are underlined. The UTRs are indi-
cated in italics, the open reading frame encoding the L protein
is indicated in bold.

(B) Partial sequence of plasmid pUC57-M (SEQ ID
NO:21): Plasmid encodes the RVFV strain 35/74M genome
segment in antigenomic-sense orientation.

eDNA encoding the antigenomic-sense RNA of the RVFV
strain 35/74 M genome segment, flanked by a T7 promoter
and cDNA encoding a HDV ribozyme was synthesized by the
GenScript Corporation and cloned in the pUC57 vector using
EcoRI/Sall. The T7 promoter, HDV ribozyme sequence and
T7 terminator sequences, respectively, are underlined. The
UTRs are indicated in italics, the open reading frame encod-
ing the NSmGnGe proteins is indicated in bold.

(C) Partial sequence of plasmid pUC57-S(-) (SEQ ID
NO:22): Plasmid encodes the RVFV strain 35/74 S genome
segment in genomic-sense orientation.

c¢DNA encoding the genomic-sense RNA of the RVFV
strain 35/74 S genome segment, flanked by a T7 promoter and
c¢DNA encoding a HDV ribozyme was synthesized by the
GenScript Corporation and cloned in the pUC57 vector using
BamHI/Xbal. The T7 promoter, HDV ribozyme sequence
and T7 terminator sequences, respectively, are underlined.
The UTRs and intergenic region are indicated in italics, the
open reading frames encoding the N and NSs proteins are
indicated in bold.

(D) Partial sequence of plasmid pUC57-SANSs (SEQ ID
NO:23): Plasmid encodes the RVFV strain 35/74 S genome
segment in antigenomic-sense orientation with a major dele-
tion in NSs.

The synthetic DNA was cloned between Xbal and Apal of
pUC57. The T7 promoter, HDV ribozyme sequence and T7
terminator sequences, respectively, are underlined. The
UTRs and intergenic region are indicated in italics, the open
reading frame encoding the N and the open reading frame
encoding part of the NSs protein are indicated in bold.

(E) Partial sequence of plasmid pUCS57-S (SEQ ID
NO:24): Plasmid encodes the RVFV strain 35/74 M genome
segment in antigenomic-sense orientation.

To construct cDNA encoding the complete S genome seg-
ment in antigenomic-sense orientation, the sequence between
Ncol, EcoRV was isolated from the pUCS57-S(-) construct
and used to replace the sequence between Ncol and EcoRV of
plasmid pUCS57-SANSs, yielding pUC57-S. The T7 promoter
and HDV ribozyme and T7 terminator sequences, respec-
tively are underline. The UTRs and intergenic region are
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indicated in italics, the open reading frames encoding the N
and NSs proteins are indicated in bold.

(F) Partial sequence of plasmid pUC57-S-eGFP (SEQ ID
NO:25): Plasmid encodes the RVFV strain 35/74 NI genome
segment in antigenomic-sense orientation, where the NSs
gene is replaced for the gene encoding enhanced green-fluo-
rescent protein (eGFP).

The T7 promoter and HDV ribozyme and T7 terminator
sequences, respectively are underlined. The UTRs and inter-
genic region are indicated in italics, the open reading frames
encoding the N and eGFP proteins are indicated in bold. The
sequence was cloned between Kpnl and Sall of pUC57. A
silent C—T mutation is underlined.

(G) Partial sequence of plasmid pUCS57-Mv (SEQ ID
NO:26): Plasmid encodes the RVFV strain 35/74M genome
segment in genomic-sense orientation, where the complete
NSmGnGe ORF is deleted and Ncol and Xbal sites are intro-
duced.

The T7 promoter and HDV ribozyme and T7 terminator
sequences, respectively are underlined. The UTRs are indi-
cated in italics, the sequence between the UTRs is indicated in
bold. Cloned between EcoRI and Pstl pUCS57.

(H) Partial sequence of plasmid pUC57-Mv-eGFP (SEQ
ID NO:27): Plasmid encodes the RVFV strain 35/74 M
genome segment in genomic-sense orientation, where the
complete NSmGnGe ORF is deleted and eGFP is introduced
between the Ncol and Xbal sites. The T7 promoter and HDV
ribozyme sequences are underlined.

(D Partial sequence of plasmid pUC57-GnGe (SEQ ID
NO:28): Plasmid encodes a codon-optimized version of the
open reading frame of the RVFV strain 35/74 M genome
segment starting at the fourth methionine codon. The gene
was synthesized and cloned between EcoR1 and HindIII. This
gene was used to construct pClneo-GnGe and pCAGGS-
GeGe Using EcoRI and Notl (underlined). The GnGe open
reading frame is indicated in bold.

(I) Plasmids pClneo-NSmGnGe and pCAGGS-NS-
mGnGe encode the open reading frame of the RVFV strain
35/74 M genome segment starting at the first methionine
codon (SEQ ID NO:29). The gene was amplified from 35/74
c¢DNA and cloned in pClneo and pCAGGS using EcoRI and
Notl (underlined). The NSmGnGc open reading frame is
indicated in bold.

(K) Plasmid pUCS57-N encodes a codon-optimized version
of'the N open reading frame of the RVFV strain 35/74 (SEQ
ID NO:30). The gene was introduced into pCAGGS and
pClneo using EcoRI and NotI (underlined). The open reading
frame of the N protein is indicated in bold.

(L) Plasmid pClneo-L contains the open reading frame of
the L. gene of RVFV strain 35/75 (SEQ ID NO:31). The gene
was introduced into using Xhol and Notl (underlined). The
transition mutation (T5912C), resulting in the substitution of
isoleucin-1971 for threonine is also underlined. The open
reading frame of the L protein is indicated in bold.

FIG. 8.

RRPs are incapable of autonomous spread. BHK cells were
infected with RRPs at an m.o.i. of 1. After two days, eGFP
expression was observed in infected cells (left panel). Fresh
BHK cells were incubated with the collected supernatant and
monitored for eGFP expression after three days (right panel).

FIG.9.

RRP production kinetics. BHK-Rep cells were grown in
GMEM supplemented with 5% serum and were either left
untreated (—-GP) or transfected with pCAGGS-NSmGnGe
(+GP). RRP titers were determined at different time points on
BHK cells using eGFP expression as the readout parameter.
Titers were determined using the Spearman-Kérber method.
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FIG. 10.

Western blot analysis of RRP proteins. Culture medium of
BHK-Rep cells (-GP) or of BHK-Rep cells transfected with
pCAGGS-NSmGnGe (+GP) was ultracentrifuged at 100
000xg for 2 h. The proteins present in the pellets were sepa-
rated in 4-12% NuPAGE Bis-Tris gels and subsequently
transferred to nitrocellulose blots. Specific proteins were
detected by an anti-Gn (a-Gn) or anti-Ge (a-Gc) peptide
antiserum or a mAb specific for the N protein (aN). The
positions of the NSm, Gn, Gec and N protein are indicated by
arrows. Molecular weight standard proteins are indicated to
the right in kilodaltons.

FIG. 11.

RRP infection of mammalian and insect cells. Cells were
infected with RRPs and the number of positive cells was
determined by flow-cytometry at 42 (BHK and HEK293T) or
72 hours post infection (S2 and C6/36). (A) Representative
result from flow cytometry of RRP-infected mammalian and
insect cells. Counts of non-infected control cells and infected
cells are depicted in grey and green respectively. (B) Histo-
grams showing averaged results of three independent mea-
surements with S.D.

FIG. 12.

Vaccine efficacy of RRPs. Mice were either non-vacci-
nated (n=9; Mock) or vaccinated (n=10) either once (1x) or
twice (2x) via the intramuscular route (IM) or subcutaneous
route (SC) with 106 TCID50 of RRPs. Mice were challenged
with a known lethal dose of RVFV strain 35/74 via the intra-
peritoneal route. The mortality rates were determined until 21
days post challenge (d.p.c.).

FIG. 13.

Injection site reactions observed at different time points
after vaccination. Score 0: No aberrations noted; 1: Swelling
observed; 2: Round swelling of maximal 5 cm in diameter; 3:
Major swelling/abscess chance of rupture. PM, post mortem.
Results are depicted as averages (n=6) with SD.

FIG. 14.

Rectal temperatures of vaccinated and unvaccinated
(Mock) lambs before and after challenge with RVFV. Rectal
body temperatures (° C.) were determined daily. Fever was
defined as a body temperature above 41° C. (interrupted line).
Results are depicted as averages (n=6) with SD.

FIG. 15.

Detection of viral RNA in plasma samples of vaccinated
and unvaccinated lambs obtained at different time points after
challenge infection with RVFV. The number of positive
samples differs at each time point. Results are depicted as
averages (n=6) with SD.

FIG. 16.

Body weight of lambs vaccinated once with one of the
indicated vaccines. Results are depicted as averages (n=6)
with SD.

FIG. 17.

Biochemical analysis of serum samples. ALT, ALP, TP,
Creatinine and BUN concentrations are depicted as averages
(n=6) with SD. The upper and lower reference values are
indicated by dashed lines.

FIG. 18.

Schematic representation of the method used to create
replicon cell lines producing the sHA; and sNA, proteins.
GOlI, gene of interest (in this work either the eGFP, sHA; or
sNA,, gene).

FIG. 19.

Flow cytometry demonstrating the percentage of replicon
cell lines that produce the N protein at cell passage 8. N
protein expression is dependent on the presence of the S and
L genome segment, of which the former contains the foreign
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gene of interest (GOI). Cells expressing L. and S-eGFP
genome segments (A); cells expressing [ and the S-CD5-HA-
GCN4-ST (i.e. S-,HA;) segment (B); cells expressing L. and
the S-CD5-0OS-GCN4-NA segment (i.e. 5- NA,) (C); control
cells expressing GnGe are depicted in (D), (E) and (F).

FIG. 20.

Purified sHA; and sNA, were analyzed on Silver-stained
polyacrylamide gels (A) and Western blots using Strep-Tact-
ing-HRP for detection (B). The negative control sample
(eGFP) was provided by following the purification procedure
using medium collected from replicon cells expressing eGFP.
The positions of molecular weight standard proteins are indi-
cated to the left in kDa.

EXAMPLES
Example 1
Materials and Methods

Cells and Growth Conditions.

BSR-T7/5 were kindly provided by Prof. Dr. K. Conzel-
mann (Max von Pettenkofer-Institut, Munchen, Germany).
BHK-GnGce are BHK-21 cells that contain a genome-inte-
grated plasmid pClneo-GnGe described hereinbelow. BSR-
T7/5 and BHK-GnGc cells were grown in Glasgow Minimum
Essential Medium (GMEM; Invitrogen, Carlsbad, Calif.,
USA) supplemented with 4% tryptose phosphate broth (Invit-
rogen), 1% non-essential amino acids (Invitrogen), 10% fetal
bovine serum (FBS; Pam Biotech, Aidenbach, Germany) and
penicillin/streptomycin (Invitrogen) at a concentration of 100
U/ml and 100 pg/ml, respectively. For maintenance of stable
cell lines, geneticin (G-418; Invitrogen) was used at a con-
centration of 1 mg/ml. Cells were grown at 37° C. and 5%
CoO2.

Plasmids and Viruses.

Plasmids pClneo-GnGce and pCAGGS-GnGe contain the
open reading frame (ORF) of the M segment of RVFV strain
35/74, starting at the fourth methionine codon (FIG. 7I).
Plasmid pCAGGS-N contains the ORF encoding the N gene
(FIG. 7K). The N and GnGe-encoding sequences were
codon-optimized for optimal expression in mammalian and
insect cells and synthesized by the GenScript Corporation
(Piscataway, N.J., USA). Plasmid pCAGGS-NSmGnGc con-
tains the authentic ORF of the M segment starting at the first
methionine codon (FIG. 7J). pClneo-RVFV-L encodes the
authentic ORF encoding the viral polymerase of RVFV strain
35/74 (FIG. 7L). This gene contains a transition mutation
(T5912C), resulting in the substitution of isoleucin-1971 for
threonine. The effect of this mutation was not studied.
Expression of RVFV genes from pClneo plasmids is con-
trolled by a cytomegalovirus (CMV) immediate-early
enhancer/promoter, whereas the expression of genes from
pGAGGS plasmids is controlled by a CMV immediate
enhancer/p-actin (CAG) promoter (Niwa et al. 1991. Gene
108: 193-199). RVFV strain 35/74 was isolated at the Agri-
cultural Research Council-Onderstepoort Veterinary Institute
(ARC-OVI) from the liver of a sheep that died duringa RVFV
outbreak in the Free State province of South Africa in 1974
(Barnard 1979. J S Afr Vet Assoc 50: 155). The virus was
passaged four times in suckling mice by intra-cerebral injec-
tion and three times on BHK-21 cells. Amplification of the
genome segments was performed by one-step RT-PCR with
SBS Genetech AMV-RT, TaKaRa Ex Taq HS and the primers
described by Bird et al. (Bird et al. 2007. J Virol 81: 2805-
2816). PCR products were purified with the Qiagen Gel
extraction kit after separation on agarose gel and mixed in
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appropriate equal amounts before GS FLX sequencing at
Inqaba Biotec (Pretoria, South Africa). Sequencing and
sequence assembly was performed essentially as described
for dsRNA virus genomes (Potgieter et al. 2009. J Gen Virol
90: 1423-1432). Consensus sequences corresponding to each
genome segment were synthesized and cloned in pUC57, a
standard cloning vector of GenScript Corporation (Piscat-
away, N.J., USA). pUCS57-L (FIG. 7A), pUC57-M (FIG. 7B)
and pUCS7-S (FIG. 7E) encode the RVFV [, M and S
genome segment in antigenomic (i.e. positive) sense orienta-
tion, respectively. These transcription plasmids each contain
acomplete copy of the viral RNA segments and are flanked by
a T7 promoter and a HDV ribozyme sequence. In pUC57-S-
eGFP(-) (FIG. 7F), the NSs gene is replaced by the gene
encoding enhanced green fluorescent protein (eGFP). Of
note, transcription of this plasmid results in a S-eGFP mini-
genome in which the eGFP gene is in the genomic (i.e. nega-
tive-sense) orientation. In plasmid pUCS7-Mv-eGFP(-)
(FIG. TH), the complete ORF ofthe M segment is replaced by
the eGFP gene. The M-eGFP minigenome produced from this
plasmid is in the genomic-sense orientation as well.

A recombinant Newecastle disease virus (NDV) that pro-
duces the RVFV structural glycoproteins Gn and Ge (i.e.
NDFL-GnGc), from hereon referred to as NDV-GnGe, was
previously described (Kortekaas et al. 2010. Vaccine 28:
4394-4401).

A recombinant fowlpox virus that produces T7 poly-
merase, named fpEFLT7pol (Das et al. 2000. J Virol Meth 89:
119-127), from hereon referred to as FP-T7, was kindly pro-
vided by the Institute for Animal Health (IAH, Compton,
UK). Virus titers were determined as 50% tissue culture infec-
tive dose (TCID50) on BHK-21 cells using the Spearman-
Karber method (Kérber 1931. Arch. Exp. Path. Pharmak 162,
480-483; Spearman 1908 Br. J. Psychol 2, 227-242),
Rescue of Recombinant RVFV Strain 35/74.

BSR-T7/5 cells were seeded in 6-well plates and were
co-transfected with 1 pg of plasmids pUC57-L, pUCS57-M
and pUCS57-S using jetPEI transfection reagent according to
the instructions of the manufacturers (Polyplus-transfection
SA, llkirch, France). After 6 days of incubation, medium was
collected. For the detection of infectious virus, BHK-21 cells
were incubated with the collected supernatant. When clear
cytopathic effect was observed, the cells were fixed in 4%
paraformaldehyde/PBS for 40 min. Plates were subsequently
submerged completely in 80% ethanol/4% acetic acid to inac-
tivate the virus and washed with PBS. Immunoperoxidase
monolayer assays (IPMAs) were performed as described
hereinbelow.

Alternatively, BHK-21 cells were infected with FP-T7.
Approximately 10E6 cells in each well of a six-well plate
were inoculated with 1.5 ml of culture medium containing
10E5 TCIDS50 of FP-T7 (multiplicity of infection [m.o.i.] of
0.1). After incubation with FP-T7 for 1 h and recovery for
another hour, the cells were treated in a similar way as
described for BSR-T7/5 cells.

Rescue of RVFV BRPs (RRPs).

BHK-21 or BHK-GnGe cells were seeded in 6-well plates
and incubated with FP-T7 for 1 h at 37° C. Medium was
refreshed and cells were allowed to recover for 1 h. For the
production of RRPs containing three genome segments, the
cells were subsequently transfected with 600 ng of plasmids
pUC57-L, pUCS57-S, pUC57-Mv-eGFP(-) and pCAGGS-
NSmGnGe. For the production of RRPs containing two
genome segments, cells were transfected with pUCS7-L,
pUC57-S-eGFP(-) and pCAGGS-NSmGnGe. The medium
was refreshed the next day. Alternatively, when NDV was
used to provide Gn and Gc, NDV-GnGe infection was per-

25

35

40

45

50

55

60

65

20
formed together with FP-T7. NDV-GnGc was used at an
m.o.i. of 0.05. Supernatants were harvested after 72 h, pre-
cleared at 5 000 rpm for 5 min at RT and stored at 4° C. until
further use.
NuPAGE and Western Blotting

NuPAGE and Western blotting was performed as described
(Kortekaas et al. 2010. Vaccine 28: 2271-2276). Briefly, pro-
teins were diluted in 3x Laemmli sample buffer (0.5 M Tris
pH 6.8, 6% (w/w)SDS, 26% (v/v) glycerol, 15% (v/v) 2-mer-
captoethanol and 0.002% (w/w) bromophenol blue) and
heated at 95° C. for 5 minutes, before loading onto 4-12%
NuPAGE Bis-Tris gels. Proteins were subsequently trans-
ferred to nitrocellulose blots. To visualize Ge, rabbit poly-
clonal antibodies were used that were previously raised
against a  Ge-derived peptide (residues  975-
VFERGSLPQTRNDKTFAASK-994), respectively (De
Boer et al. 2010. Vaccine 28:2330-2339). Goat anti-rabbit
IgG antibodies conjugated to horseradish peroxidase (HRP)
(Dako, Heverlee, Belgium) were used as the secondary anti-
bodies. Peroxidase activity was detected using the Amersham
ECL™ Western blotting detection reagents (GE Healthcare,
Diegem, Belgium). For the detection of the N protein, mono-
clonal antibody F1D11 (kindly provided by Dr. Alejandro
Brun, CISA-INIA, Madrid, Spain) was used as the primary
antibody and rabbit anti-mouse IgG (DAKO) as the second-
ary antibody.

Immunoperoxidase Monolayer Assays (IPMA).

IPMAs were performed as described previously (deBoer et
al. 2010. Vaccine 28: 2330-2339). As the primary antibody,
either a polyclonal antiserum was used that was previously
obtained from a sheep that was vaccinated with NDFL-GnGe
(Kortekaas et al. 2010. Vaccine 28: 4394-4401). For detection
of the RVFV N protein, mAb F1D11 was used, which was
previously kindly provided by Dr. Alejandro Brun (CISA-
INIA, Spain). As the secondary antibody HRP-conjugated
rabbit anti-mouse IgG (Dako, Heverlee, Belgium) was used.
Flow Cytometry.

For flow cytometry, cells of a six-well plate were washed
with 3 ml PBS and then trypsinized with 0.3 ml 0.5%
trypsine-EDTA (Invitrogen). After incubation for 2-3 min at
37° C. and resuspension, the cells were diluted in 1 ml culture
medium. Cells were pelleted by centrifugation, resuspended
in 0.5 ml PBS and pelleted again. Cells were fixed by adding
0.1 ml 4% PFA in PBS for 15-30 min and subsequently
diluted in 0.5 ml PBS. Each sample contained all the cells
from one well. The samples were stored at 4° C. until analysis.
All measurements were performed at the day of harvesting
the cells. Flow cytometry was performed using a CyAn ADP
flow cytometer (Beckman, Woerden, The Netherlands),
equipped with a 488 nm wavelength laser. Data analysis was
performed with the Summit v4.3 software.

Results

Rescue of recombinant RVFV strain 35/74 from cDNA
using BSR-T7/5 cells. Recombinant RVFV strain 35/74
(rec35/74) was rescued using three plasmids encoding the
three viral RNA segments [., M and S in antigenomic-sense
orientation. Transfection of the three plasmids into BSR-T7/5
cells resulted in cytopathic effect after 3-4 days. BHK-21
cells were inoculated with the collected supernatant. A titer of
10E9 TCID50/ml was obtained after two passages of the
virus. No silent mutations were introduced in the genome of
recombinant RVFV strain 35/74 to confirm rescue and
exclude contamination with non-recombinant wildtype virus,
since no wildtype virus was ever present in our laboratory
before rescue of rec35/74.

Production of VLPs containing a reporter minigenome
using transient expression of NSmGnGe from plasmid.
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As a first step towards the establishment of an Rift Valley
fever virus replicon particle (RRP) production system, a
minireplicon system was developed. A plasmid was designed
in which the gene encoding eGFP is placed between M seg-
ment untranslated regions (UTRs). This plasmid was named
pUC57-Mv-eGFP(-) and encodes the M-eGFP minigenome
in genomic-sense orientation. Like the full-length constructs,
the ¢cDNA encoding this minigenome is flanked by a T7
polymerase promoter and cDNA encoding a HDV ribozyme
sequence. Transfection of pUC57-Mv-eGFP(-) together with
plasmids pUCS57-L and pUCS57-S resulted in eGFP expres-
sion in only a few cells (data not shown). In an attempt to
improve reporter minigenome expression, the two helper
plasmids pClneo-RVFV-L and pCAGGS-N were added to the
transfection mixture. This resulted in a slight increase in the
number of positive cells (data not shown). Despite the very
low number of eGFP-positive cells, an attempt was made to
package the genome segments into VLPs by co-transfecting
the cells with pCAGGS-NSmGnGe. If indeed VLPs were
produced, we reasoned that these VLPs could contain either
one, two or three genome segments. To be able to detect also
VLPs that contain only the reporter minigenome, the super-
natant was not only added to untreated BHK-21 cells, but also
to BHK-21 cells that were previously transfected with helper
plasmids pClneo-RVFV-L and pCAGGS-N. Very few BHK-
21 cells that were inoculated with the collected supernatant
were shown to express eGFP after 18-24 hrs of incubation and
expression was only observed in cells that were previously
transfected with helper plasmids (data not shown). Thus,
although VLPs were produced, none of these VLPs appar-
ently contained all three genome segments.

Production of VLPs containing a reporter minigenome
using NDV to provide Gn and Ge.

Although we were previously able to produce large
amounts of VLPs by expressing GnGc in insect cells (de Boer
et al. 2010. Vaccine 28: 2330-2339), production of GnGe
from pol-II promoters in mammalian cells was extremely
poor in previous experiments, yielding no detectable VL.Ps in
the culture supernatant (unpublished results). We also previ-
ously reported the production of an NDV recombinant (i.e.
NDFL-GnGc, from hereon referred to as NDV-GnGec) that
produces the GnGe glycoproteins. Interestingly, infection of
BHK-21 cells with this recombinant virus did result in the
production of detectable amounts of Gn and Ge in the super-
natant (Kortekaas et al. 2010. Vaccine 28: 4394-4401). In the
present work, we wondered if NDV-GnGe could be used to
provide the Gn and Ge proteins for the packaging of RVFV
genome segments. Cells were first transfected with pUCS57-L,
pUC57-S and pUCS57-Mv-eGFP(-) and infected with NDV-
GnGe, 24 hrs later. Expression of eGFP was observed in a
small percentage of producer cells and in very few recipient
cells (data not shown). Expression of eGFP in recipient cells
was again dependent on a previous transfection with the
helper plasmids pClneo-RVFV-L. and pCAGGS-N. These
experiments demonstrated that we were able to package a
reporter minigenome into VLPs using NDV-GnGe as a source
of'the glycoproteins, but that particles capable of autonomous
replication were not obtained.

Improved rescue of RVFV from ¢DNA using a recombi-
nant fowlpox virus as a source of T7 polymerase and success-
ful production of RRPs.

Virus recovery from BSR-T7/5 cells was not reproducible.
As an alternative for BSR-T7/5 cells, we decided to use a
recombinant fowlpox virus that expresses T7 polymerase (i.e.
FP-T7) (Das et al. 2000. J Virol Methods 89: 119-127). In
experiments where the rescue efficiency of RVFV using BSR-
T7/5 cells and FP-T7-infected BHK-21 cells were compared,
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use of FP-T7 resulted in RVFV rescue in 5/5 attempts,
whereas rescue using BSR-T7/5 cells was unsuccessful. We
anticipated that a higher level of T7 polymerase expression by
FP-T7 could result in higher production levels of the N and L.
proteins from the antigenomic (i.e. positive-sense) genome
segments, facilitating initiation of replication. To test this
hypothesis, the pUC57-S segment was transfected into BSR-
T7/5 cells and into BHK-21 cells that were previously
infected with FP-T7. Transcription of the pUCS57-S plasmid
by T7 polymerase results in antigenomic sense viral RNA of
which the N gene is in sense orientation. Whereas the N
protein could not be detected in BSR-T7/5 cells transfected
with pUCS57-S (FIG. 1A), FP-T7-infected BHK-21 cells that
were transfected with this plasmid stained intensely with
anti-N antibodies (FIG. 1B).

We then proceeded with co-transfection of pUCS7-S,
pUC57-L and pUCS57-Mv-eGFP(-) in FP-T7-infected BHK-
21 cells. Whereas in previous experiments using BSR-T7/5
cells, only a few eGFP-positive cells were observed, in these
experiments, FACS analysis showed that 1.3% of the cells
were positive for eGFP (FIG. 2). A similar experiment was
performed where cells were co-transfected with pCAGGS-
NSmGnGe. In this experiment, 2.5% of the cells were posi-
tive for eGFP (FIG. 2). Interestingly, the observation of clus-
ters of eGFP-positive cells suggested local spread of VLPs
containing the reporter minigenome (data not shown). After
three days, the culture supernatant was collected and incu-
bated with BHK-21 cells that were either untreated or trans-
fected with the helper plasmids pClneo-RVFV-L. and
pCAGGS-N. In cells that were transfected with helperplas-
mids, 1.3% was positive for eGFP expression (FIG. 2). More-
over, 0.9% of the cells that were not previously transfected
with helperplasmids was positive for eGFP expression, dem-
onstrating that we were successful in producing replicon par-
ticles that contain all three genome segments (FIG. 2).
Production of RRPs Containing Two Genome Segments.

To facilitate further optimization of the system, we aimed
to produce RRPs that contain only two genome segments. To
this end, a reporter minigenome was produced in which the
gene encoding the NSs gene of the S segment was exchanged
for the gene encoding eGFP (i.e. S-eGFP). Previous work
demonstrated that the NSs gene is not essential for growth in
tissue culture (Muller et al. 1995. Am J Trop Med Hyg 53:
405-411) and other studies demonstrated that a virus contain-
ing this deletion is viable (Ikegami et al. 2006. J Virol 80:
2933-2940). Co-transfection of the resulting plasmid,
pUC57-S-eGFP(-) with pUCS57-L resulted in expression of
eGFP in a small percentage of cells. However, when
pCAGGS-NSmGnGe was added to the transfection mixture,
21.5% of the cells were positive for eGFP, as determined by
FACS analysis (FIG. 3). Incubation of BHK-21 cells with the
collected supernatant resulted in 4.7% of positive cells when
helper plasmids were not provided, whereas the number of
cells increased to 28.7% when helper plasmids were included
(FIG. 3).

Production of Stable BHK-21 Cell Lines that Produce the Gn
and Gc Glycoproteins.

With the aim to produce a system for the continuous pro-
duction of RRPs, stable cell lines were produced that consti-
tutively produce the Gn and Ge proteins. Briefly, BHK-21
cells were transfected with pClneo-GnGe and clones with
integrated plasmids were grown in the presence of geneticin
(-418. A number of clones were tested for Gn/Gc expression
by IPMA. A highly positive antiserum from a naturally
infected sheep did not reveal any Gn/Gc positive cells (data
not shown). An antiserum derived from a sheep that was
previously vaccinated with NDV-GnGce was, however, suc-
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cessfully used to identify positive clones. One of the clones
clearly displayed the highest Gn and Gc expression level as
revealed by IPMA, although the expression levels appeared
low (FIG. 4). This clone was tested for expression of Gc by
Western blotting of proteins from cell lysates. Using a previ-
ously described polyclonal antiserum specific for a Ge-de-
rived peptide, Gc expression was clearly detected (FIG. 4C).
This cell line was designated BHK-GnGe. To determine if
VLPs were produced by these cells, supernatants were ultra-
centrifuged and the proteins present in the collected pellets
were analyzed by Western blotting. The Gc protein was not
detected in the pellet fractions, suggesting that either no VLPs
were produced, or that glycoprotein production was too low
to allow detection.

Use of a cell line that maintains the RVFV L and S-eGFP
segments is essential for the efficient production of RRPs.

Production of RRPs by infection of BHK-21 cells with
FP-T7 and subsequent introduction of plasmids providing the
L segment, S-eGFP segment and pCAGGS-NSmGnGe
resulted in a maximum of RRP titers of 10E3 to 10E4
TCID50/ml (data not shown). Although the BHK-GnGe cell
line appeared not suitable for the constitutive large scale
production of RRPs, it was striking to find that introduction of
FP-T7 and subsequent introduction of plasmids providing the
L segment, S-eGFP segment and pCAGGS-NSmGnGe,
resulted in clusters of positive cells that were larger in both
number and size than those obtained with normal BHK-21
cells.

A cell line maintaining the RVFV L and S-eGFP segments
could be highly valuable for several applications, including
high-throughput screens of antiviral agents outside biosafety
containment facilities. We therefore aimed to produce a cell
culture of which each cell contains the RVFV L and S-eGFP
segment. To this end, the FP-T7 virus was introduced, fol-
lowed by introduction of the plasmids providing the L seg-
ment and the S-eGFP segment. To facilitate spread of the L
and S-eGFP segment, pCAGGS-NSmGnGe was introduced
several times after passage of the cells. Using this method,
cell lines of both wildtype BHK-21 cells as well as BHK-
GnGe were obtained of which most, if not all, cells expressed
the eGFP reporter. However, whereas repetitive passage of
the eGFP-expressing BHK-21 cells resulted in loss of eGFP,
passage of the eGFP-expressing BHK-GnGc cells did not
result in any loss of eGFP expression. For at least 50 cell
passages, eGFP expression in these cells remained
unchanged. When not transfected, BHK-GnGe cells contain-
ing the RVFV replicons were found to produce very small
amounts of RRPs, with a maximum yield of 10E2 TCID50/
ml. Importantly, introduction of pCAGGS-NSmGnGce or
pCAGGS-GnGe in these cells resulted in RRP titers of maxi-
mally 10E6.8 or 10E6.4 TCID50/ml, respectively (FIG. 5).
Efficient Production of RRPs Using NDV-GnGe.

Considering the superior production of GnGc by NDV
when compared to expression from plasmid, we tested if
RRPs could be produced by infection of the cells with NDV-
GnGe. BHK-GnGe cells were co-infected with FP-T7 and
NDV-GnGe and, after recovery, were transfected with
pUC57-L and pUCS57-S-eGFP(-). After 72 hrs of incubation,
extremely large “comets™ of positive cells were observed in
the flasks (data not shown). This result suggested that large
amounts of RRPs are produced when NDV-GnGe is used to
provide the glycoproteins. We subsequently split the culture
into two flasks. One was left untreated, the other was again
infected with NDV-GnGe. The supernatants of these cells
were collected after 48 h and the TCID50 RRP titers were
determined on BHK-21 cells. The supernatant of the cells that
were infected with NDV-GnGc twice, contained a titer of
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10E7 TCID50/ml, whereas the supernatant of the cells that
were infected only once contained a titer of 10E4.5 TCID50/
ml. The latter cell line was passaged 18 times, after which the
RRP titer was again determined. Surprisingly, this revealed a
titer of 10E6 TCID50/ml. Moreover, visual examination of
this cell line by fluorescence microscopy revealed that most,
if not all, cells expressed eGFP (FIG. 6). This result led us to
suggest that the cells were persistently infected with NDFL-
GnGe, thereby providing a continuous source of Gn and Ge.
Indeed, IPMAs using a mAb specific for the NDV F protein,
revealed the presence of the virus in a subset of the cells. It is
important to note, however, that the virus present in the super-
natant of these cells was shown to be non-infectious. This was
expected however, since lentogenic NDV strains such as the
recombinant [.aSota strain used in the current work, requires
cleavage of the F protein by trypsin-like proteases for infec-
tivity. In conclusion, by virtue of the persistent infection of
the cells with NDFL-GnGe, RRPs can continuously be pro-
duced to titers of up to 10E7 TCID50/ml.

To demonstrate that RRPs are incapable of autonomous
spread, BHK cells were infected with RRPs at a multiplicity
of infection (m.o.i.) of 1. After two days, eGFP expression
was observed by fluorescence microscopy (FIG. 8, left
panel). BHK cells were incubated with collected pre-cleared
supernatant and after three days, cells were monitored for
eGFP expression. No eGFP expression was observed, dem-
onstrating that no progeny infectious particles were produced
by the RRP-infected BHK cells (FIG. 8, right panel). To
establish the kinetics of RRP production, BHK -rep cells were
transfected with pCAGGS-NSmGnGe and the culture
medium was collected at different time points post transfec-
tion. RRPs were titrated on BHK cells using eGFP expression
as the readout parameter. This experiment demonstrated that
a titer close to 106 TCID50/ml was obtained already after 22
h (FIG. 9).

To visualize RRP proteins, RRPs were pelleted by ultra-
centrifugation. The proteins were separated in NuPAGE gels,
transferred to nitrocellulose membranes and detected using
peptide antisera specific for the Gn and Ge protein or a mono-
clonal antibody specific for the N protein. Analysis of the
supernatant obtained from non-transfected BHK-Rep cells
revealed only the N protein (FIG. 10). Interestingly, this result
suggests that the RVFV N protein is released from cells,
presumably in the form of ribonucleoprotein core particles,
resembling results previously described from studies on
CCHFV (Bergeron et al., 2007. J Virol 81: 13271-13276).
Analysis of supernatant from BHK-Rep cells transfected with
pCAGGS-NSmGnGe (pCAGGS-M) revealed the Gn protein,
the NSm protein, the Ge protein and the N protein (FIG. 10).

Example 2

Production of Bunyavirus Replicon Particles (BRPs)
of Crimean-Congo Hemorrhagic Fever Virus Strain
IbAr10200

c¢DNA encoding anti virus-sense full-length RNA of the L
(GenBank: AY389508.2), M (GenBank: AF467768.2) and S
(GenBank: U88410.1) genome segments CCHFV strain
IbAr10200 are synthesized and flanked by a T7 polymerase
promoter and cDNA encoding a HDV ribozyme sequence. A
T7 transcription termination sequence is preferably posi-
tioned downstream of the ribozyme cDNA. These sequences
are cloned into pUCS57 vectors essentially as exemplified in
Example 1, resulting in pUCS7-CCHFV-L, pUCS57-
CCHFV-M and pUC57-CCHFV-S.
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To facilitate cloning into pUC57 ofthe cDNA encoding the
CCHFV L genome segment, a Kpnl restriction site is intro-
duced immediately upstream of the T7 promoter sequence
and immediately downstream of the T7 transcription termi-
nation sequence.

To facilitate cloning of the cDNA encoding the CCHFV M
genome segment, a Kpnl restriction site is introduced imme-
diately upstream of the T7 promoter sequence and a Sall
restriction site is introduced immediately downstream of the
T7 transcription termination sequence.

To facilitate cloning of the cDNA encoding the CCHFV S
genome segment, an EcoRI restriction site is introduced
immediately upstream of the T7 promoter sequence and a
BamHI restriction site is introduced immediately down-
stream of the T7 transcription termination sequence.

The complete open reading frame of the M genome seg-
ment (M-ORF, nucleotides 93-5147 of GenBank sequence
AF467768.2) is introduced downstream of the CMV pro-
moter of pClneo. Stable cell lines are produced by transfect-
ing pClneo-M-ORF into BHK-21 cells and cells with inte-
grated plasmids are selected by culturing in the presence of
G-418.

As an alternative, BHK-21 cells are provided with the
CCHFV M-ORF encoded proteins by infecting the eukary-
otic cell with a recombinant viral vector that transduces the
CCHFV M-ORF-encoded polyprotein, followed by selecting
a cell in which the recombinant viral vector is persistently
present without causing overt cytopathogenic effect.

The cells that (conditionally or constitutively) express the
CCHFV M-ORF-encoded proteins are infected with FP-T7
and, after recovery, transfected with plasmids pUC57-
CCHFV-L and pUC57-CCHFV-S. When required for effi-
cient production, a construct encoding the CCHFV structural
glycoproteins under the control of a suitable Polymerase-11
promoter (such as the CAG promoter in the pCAGGS plas-
mid) is also transfected or infected to provide the CCHFV
structural glycoproteins. This procedure results in the produc-
tion of CCHFV replicon particles that do not contain a
CCHFV M genome segment.

The T7 promoter that is used has the nucleotide sequence:
5'-TAATACGACTCACTATAG-3'

The HDV ribozyme sequence that is used has the nucle-
otide sequence 5'-GGGTCGGCATGGCATCTCC-3".

The T7 terminator sequence that is used has the nucleotide
sequence: 5-TAGCATAACCCCTTGGGGC-
CTCTAAACGGGTCTTGAGGGGTTTTTTG-3'

Example 3

Production of bunyavirus replicon particles (BRPs) of
Dobrava-Belgrade virus (DOBV) strain DOBV/Ano-Poroia/
Af19/1999

c¢DNA encoding anti virus-sense full-length RNA of the L.
(GenBank: AJ410617.1), M (GenBank: AJ410616.1) and S
(GenBank: AJ410615.1) genome segments DOBV strain
DOBV/Ano-Poroia/Af19/1999 is synthesized and flanked by
a T7 polymerase promoter and cDNA encoding a HDV
ribozyme sequence. A T7 transcription termination sequence
is preferably present downstream of the introduced ribozyme
c¢DNA. These sequences are cloned into pUCS57 vectors
essentially as exemplified in Example 1, resulting in pUC57-
DOBV-L, pUC57-DOBV-M and pUC57-DOBV-S.

To facilitate cloning into pUC57 ofthe cDNA encoding the
DOBYV L genome segment, a BamHI restriction site is intro-
duced immediately upstream of the T7 promoter sequence
and immediately downstream of the T7 transcription termi-
nation sequence.
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To facilitate cloning of the cDNA encoding the DOBV M
genome segment, a Kpnl restriction site is introduced imme-
diately upstream of the T7 promoter sequence and a Sall
restriction site is introduced immediately downstream of the
T7 transcription termination sequence.

To facilitate cloning of the cDNA encoding the DOBV S
genome segment, a Kpnl restriction site is introduced imme-
diately upstream of the T7 promoter sequence and a Sall
restriction site is introduced immediately downstream of the
T7 transcription termination sequence.

The complete open reading frame of the M genome seg-
ment (MDOBV-ORF, nucleotides 41-3448 of GenBank
sequence AJ410616.1) is introduced downstream of the CMV
promoter of pClneo. Stable cell lines are produced by trans-
fecting pClneo-MDOBV-ORF into BHK-21 cells and select-
ing cells with integrated plasmids by culturing in the presence
of G-418.

Alternatively, the eukaryotic cell is provided with
MDOBV-ORF-encoded proteins by infecting the eukaryotic
cell with a recombinant viral vector that produces the
MDOBY proteins, followed by selecting a cell in which the
recombinant viral vector is persistently present without caus-
ing overt cytopathogenic effect.

The cells that (conditionally or constitutively) express the
MDOBV-ORF-encoded proteins are infected with FP-T7
and, after recovery, transfected with plasmids pUC57-
DOBV-L and pUC57-DOBV-S. When required for efficient
production, a construct encoding the DOBV structural gly-
coproteins under the control of a suitable Polymerase-II pro-
moter (such as the CAG promoter in the pCAGGS plasmid) is
also transfected or infected to provide the DOBYV structural
glycoproteins. This procedure results in the production of
DOBY replicon particles.

The T7 promoter that is used has the nucleotide sequence:
5'-TAATACGACTCACTATAG-3'

The HDV ribozyme sequence that is used has the nucle-
otide sequence 5'-GGGTCGGCATGGCATCTCC-3".

The T7 terminator sequence that is used has the nucleotide
sequence: 5-TAGCATAACCCCTTGGGGC-
CTCTAAACGGGTCTTGAGGGGTTTTTTG-3'

Example 4

Tet-Off system for the inducible expression of RVFV
NSm, Gn and Ge proteins

BHK-21 cells are transfected with the pTet-Off Advanced
plasmid (Clontech, CA, USA) according to the instructions of
the manufacturers. After selection with G-418, resistant
clones are selected, yielding a BHK-Tet-Off Advanced cell
line.

The complete open reading frames of the M segment of a
RVFYV strain 35/74, (nucleotides 21-3614) are synthesized
with flanked Kpnl (5' end) and NotI and Sall (3' end) restric-
tion sites and cloned into pUC57 using Kpnl and Sall restric-
tion sites (GenScript Corporation). The inserts are released
from the pUCS7 plasmids by Kpnl/Notl digestion and cloned
into the Kpnl/Notl-digested pTREtight vector (Clontech).

The BHK-Tet-Off Advanced cells are transfected with
pTREtight-NSmGnGe and a linear marker that facilitates the
selection of transfected cells by hygromycin or puromycin.
Clones that produce the proteins of interest are selected by
growing the clones in the absence of doxycycline (DOX).

After selection of suitable clones, the cells are grown in the
presence of DOX and infected with FP-T7. After recovery, the
cells are transfected with pUCS57-L and pUCS57-S-eGFP.
After recovery, the culture medium of the cells is replaced by
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medium without DOX, resulting in expression of NSm, Gn
and Gc and the formation of RVFV replicon particles.

Example 5

RVFV Replicon Particles that Produce Recombinant
Soluble Multimeric HA of Pandemic Swine-Origin
2009 A (HIN1) Influenza Virus

Oligo MSC-1 and Oligo MSC-2 are synthesized. Anneal-
ing of Oligo MCS-1 and Oligo MCS-2 results in a double-
stranded DNA molecule containing Ncol and Xbal overhangs
and additional Spel, Xhol, Bgll, NotI restriction sites.

Oligo MCS 1:
5'-CATGGACTAGTCTCGAGGCTAGCAGATCTGCGGCCGCT-3!

Oligo MCS 2:
5' -CTAGAGCGGCCGCAGATCTGCTAGCCTCGAGACTAGTC-3!

The eGFP gene is removed from pUC57-S-eGFP (FIG. 7F)
by Ncol/Xbal digestion and the MCS linker is ligated into this
vector, yielding pUCS57-S-MCS.

The sequence listed below (Seq CD5-HA-GCN4-ST)
encodes a human codon-optimized soluble hemagglutinin
ectodomain (sHA, amino acids 17 to 522) of influenza virus
A/California/04/2009 (H1N1). This sequence is synthesized
at the GenScript Corporation. The HA gene is preceded by a
sequence encoding an N-terminal CDS5 signal peptide and
followed by sequences encoding a C-terminal artificial
GCN4 trimerization domain (GCN4-pll, Harbury et al. 1993.
Science 262: 1401-1407) and a Streptavidin-tag (Strep) for
affinity purification. This construct is described in Boschetal.
2010. J. Virol. 84: 10366-10374).

To generate a vector comprising CD5-sHA-GCN4-pll,
pUC57-S-MCS is digested with Nhel/Xbal and Nhel/Xbal
digested HA-GCN4-ST sequence is cloned into this plasmid,
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yielding pUC57-S-HA-GCN4-ST. The CDS5 sequence is sub-
sequently introduced by annealing of the following oligo’s:

Oligo CD5-1:
5

CTAGTATGCCCATGGGGTCTCTGCAACCGCTGGCCACCTTGTACCTGCTG
GGGATGCTGGTCGCTTCCGTG-3"

Oligo CD5-2:
5

CTAGCACGGAAGCGACCAGCATCCCCAGCAGGTACAAGGTGGCCAGCGG

TTGCAGAGACCCCATGGGCATA-3"

The CDS linker is ligated into Spel/Nhel-digested pUCS57-
S-HA-GCN4-ST, yielding pUC57-S-CD5-HA-GCN4-ST.

BHK-GnGe cells are infected with FP-T7. After recovery,
the cells are transfected with pUC57-L, pUC57-S-CD5-HA-
GCN4-ST and pPCAGGS-NSmGnGe, essentially as exempli-
fied in Example 1. After cell passage, the transfection is
repeated. This sequence of events is repeated until all the cells
of'the monolayer express the CD5-HA-GCN4-ST protein, as
is determined by IPMA. The quantity of HA-GCN4-ST in the
culture medium of these cells is determined. To establish high
levels of NSmGnGe proteins, plasmid pCAGGS-NSmGnGe
is again introduced in the cell line, yielding replicon particles
containing the S-CD5-HA-GCN4-ST gene. The replicon par-
ticles are used for vaccination/challenge experiments in mice
to establish the protective efficacy against a lethal HIN1
challenge.
Seq. CD5-HA-GCN4-ST
Nucleotides 1-69 (underlined) encode the CD5 sequence
Nucleotides 70-1590 encode the HA ectodomain
Nucleotides 1591-1713 (underlined) encode the GCN4
domain
Nucleotides 1714-1737 encode the Strep tag

atgcccatggggtcetetgecaacegetggecacettgtacetgetggggatgetggteget
M P M G 8§ L o P L A T L Y L L GM L V A

tcegtgcetageagacacectgtgeateggetaccacgecaacaacagecaccgacacegty
s v L. A DTULCI GY HANNS T D T V

gacaccgtgctggagaagaacgtgaccegtgacccacagegtgaacctgetggaggacaag
D T V L v T v T H § V N L L E D K

cacaacggcaagctgtgeaagetgegeggegtggetecactgeacctgggcaagtgcaac
H N G K L ¢ K L R GGV A P L HUL G K CN

attgctggatggatectgggaaacccagagtgegagagectgagecacegecageagetygg
I A GGW I L GNP ECE S L 8 T A S S W

agctacatcgtggagacccccagecagegacaacggeacctgetacceceggegactteate
s Yy 1 v ET P S S D N GG T C Y P G D F I

gactacgaggagctgegegagcagctgageagegtgageagettegagegettegagate
DY EEL R E QL § S V 8 8 F E R F E I

ttccccaagaccagecagetggecaaaccacgacagcaacaagggagtgacegetgettge
F P K T §$ S W PN HUD S N K GV T A A C

ccacacgctggagecaagagettetacaagaacctgatetggetggtgaagaagggcaac
P H A G A K S F Y KNIL I WIL V K K G N

agctaccccaagetgagcaagagcetacatcaacgacaagggcaaggaggtgetggtgety
s Yy P K L 8 K $ Y I N D K G K E V L V L

tggggcatccaccaccccagecaccagegecgaccagecagagectgtaccagaacgecgac
W GG I H H P S T S A D QQ Q 8§ L Y Q N A D

acctacgtgttegtgggecagecagecgetacagcaagaagttcaageccgagategecate
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-continued
T YV FV G S S R Y S K KF KPETIAI

cgeccccaaggtgegegaccaggagggecgeatgaactactactggacectggtggagece
R P K V R D EGRMNDNY Y WTL V E P

ggcgacaagatcacctttgaggctaccggaaacctggtggtgecacgetacgettttget
G D K I T F E AT GDNLV V P R Y A F A

atggagaggaatgctggcageggeatcatcatcagegacaccccegtgecacgactgcaac
M E R NAG S G I I I 8§ D T P V H D C N

accacctgecagacceccaagggegecatcaacaccagectgeccttecagaacatecac
T T ¢ ¢ T P K G A I N T S L P F Q N I H

cccatcaccateggcaagtgecccaagtacgtgaagagcaccaagetgegectggecace
P I T I G K ¢ P K Y V K $§ T K L R L A T

ggactgaggaacatcccaagcatccagagecgeggectgtttggagetattgetggatte
G L R N I P 8 I Q9 $S R G L F G A I A G F

attgagggcggctggacceggaatggtggatggatggtacggetaccaccaccagaacgag
I E G G W T G M V D GG W Y G Y HH Q N E

cagggcagceggctacgecgecgacctgaagagecacccagaacgecatcgacgagatcace
Q G s ¢ Y A ADUL K S T QN A I DE I T

aacaaggtgaacagcgtgatcgagaagatgaacacccagttcacegecgtgggcaaggag
N K V N $ V I E XK M N T Q F T A V G K E

ttcaaccacctggagaagegecatcegagaacctgaacaagaaggtggacgacggettecty
F N H L E K R I ENL N K K V D D G F L

gacatctggacctacaacgccgagcetgetggtgetgetggagaacgagegeacectggac
D I W T Y N A E vV L L EN E R T L D

taccacgacagcaacgtgaagaacctgtacgagaaggtgegecagecagetgaagaacaac
Y H D S NV KNL Y E KV R S Q L K N N

gccaaggagatcggcaacggcetgettegagttectaccacaagtgegacaacacctgeatyg
A K E I G N G C F E F Y H K C D N T C M

gagagcgtgaagaacggcacctacgactaccccaagtacagegaggaggecaagetgaac
E S v K N ¢ T Y D Y P K Y S E E A KL N

Cgcgaggagatcgacggegtgaagetegagttaattaagegecatgaagcagategaggac

R E E I D GGV K L EL I KR MK Q I E D

aagatcgaagagatcgagtccaagcagaagaagategagaacgagatcegecegecatcaag

K I E E I E S K Q K K I ENE I A R I K
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Aagattaagctggtgecgegeggeagectegagtggagecaceegcagttegagaagtga
E

K I K L v P R G 8§ L E W S H P Q F

Example 6

RRP Infection of Mammalian and Insect Cells and
Production of RRPs

To determine if other mammalian and insect cells can be
infected with RRPs, Human Embryonic Kidney 293 cells
(HEK293T), Drosophila S2 cells and Aedes albopictus C6/36
cells were infected with RRPs at an m.o.i. of 1. Of note, the
m.o.i. was calculated using the titer determined on BHK cells.
This experiment demonstrated that both mammalian and
insect cells can be readily infected with RRPs, although
reporter gene expression in insect cells is considerably lower
(FIG. 11A). Expression of eGFP in mammalian cells and
insect cells was optimal at 42 or 72 hours post infection (hpi),
respectively (FIG. 11).

Next, we were interested in determining if HEK293T cells
can be used for the production of RRPs. To this end, BHK
cellsand HEK293T cells were infected with RRPs atanm.o.i.
of 3. After three days, the cells were seeded in a 6-well plate
and transfected with pCAGGS-NSmGnGe. The supernatant
was collected after three days and the RRP titers obtained
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were 10E7 (107) or BHK cells and 10E6.5 (105°) TCID50/ml
for HEK293T cells. This result demonstrates that wildtype
BHK cells and HEK293T cells can be used for the production
of RRPs by combining an RRP infection with a transfection
of the pPCAGGS-NSmGnGe plasmid

Example 7
Use of RRPs in a Virus Neutralization Test (VNT)

Classical VNT and a novel VNT that uses RRPs instead of
live virus (RaPid VNT) were performed with sera from lambs
that were previously experimentally infected with the 35/74
virus. To confirm the presence of RVFV-specific antibodies,
the sera were analyzed by the recN RVFV ELISA (BDSL,
Ayrshire Scotland, UK) prior to analysis by VNT. The clas-
sical VNT was performed as described previously (de Boer et
al., 2010. Vaccine 28: 2330-2339). Forthe RaPid VNT, serum
dilutions were prepared in 96-well plates in 50 pl GMEM
supplemented with 5% FBS, 4% TPB, 1% MEM NEAA, 1%
pen/strep. Growth medium containing ~200 RRPs in a 50 ul
volume was added to the serum dilutions and incubated for
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1.5 h at room temperature. Next, 50 pl of growth medium
containing 40 000 BHK cells was added to each well. Plates
were incubated at 37° C. and 5% CO2. After 36-48 hrs the
neutralization titer was calculated using the Spearman-Kéar-
ber method (Karber (1931). Arch Exp Path Pharmak 162:480-
483; Spearman (1908). Br J Psychol 2: 227-242).

TABLE 1

Comparison of the classical VNT assay with the RaPid VNT.
Sera from experimentally infected lambs were analysed by the recN
ELISA (ELISA), classical VNT, and RaPid VNT. Neutralization titres
are determined as 'log 50% end-point titres.

Lamb Classical
no: VNT RaPid VNT ELISA

4308 3.56 3.94 POS
4309 4.09 4.16 POS
4310 0 0 NEG
4311 4.01 4.24 POS
4312 3.71 4.76 POS
4314 3.56 4.46 POS
4315 3.71 4.39 POS
4318 4.16 4.39 POS
4321 0 0 NEG
4324 424 4.31 POS
4328 4.01 4.69 POS

This experiment revealed that the use of RRPs in the so-
called RaPid VNT has an optimal readout between 36 and 48
hrs and is of equal, if not higher sensitivity than the classical
VNT (Table 1).

Example 8
Vaccination and Challenge of Mice

Female BALB/c mice (Charles River laboratories, Maas-
tricht, The Netherlands) were housed in groups of five ani-
mals in type-III filter-top cages and kept under biosafety
level-3 containment. Groups of 10 mice were vaccinated via
the intramuscular or subcutaneous route either once on day 21
or two times on days 0 and 21 with 10E6 TCID50 of RRPs in
50 ul PBS. One group of nine mice was left untreated (non-
vaccinated). The body weights of the mice were monitored
weekly. On day 42, all mice were challenged via the intrap-
eritoneal route with 10E2.7 TCID50 of RVFV strain 35/74 in
0.5 ml culture medium. Challenged mice were monitored
daily for visual signs of illness and mortality. This experiment
was approved by the Ethics Committee for Animal Experi-
ments of the Central Veterinary Institute of Wageningen Uni-
versity and Research Centre.

To study the vaccine efficacy of RRPs, groups of 10 mice
were immunized with 50 pl of an inoculum containing 10E6
TCID50 RRPs, via either the subcutaneous or intramuscular
route, either once or twice, with a three week interval. One
group of 9 non-vaccinated mice was added as a control group.
The mice were challenged on day 42 with aknown lethal dose
of RVFV strain 35/74. All non-vaccinated mice displayed
overt clinical signs and weight loss and eight of a total of nine
non-vaccinated mice succumbed to the infection within four
days after challenge. One mouse survived for twelve days, but
eventually died. The percentage of survival in the groups of
mice vaccinated either once or twice via the subcutaneous
route was 60% (FIG. 12). In contrast, 100% of the mice
vaccinated via the intramuscular route, either once or twice,
survived the challenge (FIG. 12). These mice did not show
any clinical signs or weight loss throughout the experiment.
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This demonstrates that a single intramuscular vaccination
with 10E6 RRPs can protect mice from alethal dose of RVFV.

Example 9

Production of Bunyavirus Replicon Particles of
Severe Fever with Thrombocytopenia Syndrome
(SFTS) Virus Isolate HB29

SFTS virus was first described by Yu et al. (Yu X J, et al.
Fever with Thrombocytopenia Associated with a Novel Bun-
yavirus in China. N Engl ] Med 2011 Mar. 16).

c¢DNAs encoding full-length viral RNA corresponding to
the L[ (GenBank: HM745930.1), M (GenBank:
HM745931.1) and S (GenBank: HM745932.1) genome seg-
ments of SFTS virus isolate HB29 are synthesized and
flanked by a T7 polymerase promoter and cDNA encoding a
HDV ribozyme sequence. A T7 transcription termination
sequence is preferably positioned downstream of the
ribozyme cDNA. These sequences are cloned into pUC57
vectors essentially as exemplified in Example 1, resulting in
pUC57-SFTS-L, pUC57-SFTS-M and pUC57-SFTS-S.

To facilitate cloning into pUC57 of the cDNA encoding the
SFTS L. genome segment, a Kpnl restriction site is introduced
immediately upstream of the T7 promoter sequence and
immediately downstream of the T7 transcription termination
sequence.

To facilitate cloning of the cDNA encoding the SFTS M
genome segment, a Kpnl restriction site is introduced imme-
diately upstream of the T7 promoter and immediately down-
stream of the T7 transcription termination sequence.

To facilitate cloning of the cDNA encoding the SFTS S
genome segment, a Kpnl restriction site is introduced imme-
diately upstream of the T7 promoter sequence and immedi-
ately downstream of the T7 transcription termination
sequence.

An additional construct encoding an SFTS S genome-like
segment in which the NSs gene (nucleotides 835-1716 of
GenBank: HM745932.1) is replaced by a gene encoding a
suitable reporter protein (i.e. eGFP or luciferase) is also
developed. A plasmid encoding an S-like genome segment in
which the NSs gene is replaced by the eGFP gene is named
pUC57-SFTS-S-eGFP. Similar as was shown for RVFYV,
introduction of the SFTS-L and SFTS-S-eGFP genome seg-
ments in suitable cells (e.g. BHK-21 cells) results in viable
cells maintaining these genome segments.

The complete open reading frame of the M genome seg-
ment (M-ORF, nucleotides 19-3240 of GenBank sequence
HM745931.1) is introduced downstream of the CMV pro-
moter of pClneo. Stable cell lines are produced by transfect-
ing pClneo-SFTS-M-ORF into BHK-21 cells and cells with
integrated plasmids are selected by culturing in the presence
of G-418.

As an alternative, BHK-21 cells are provided with the
SFTS-M-ORF encoded proteins by infecting the eukaryotic
cell with a recombinant viral vector that transduces the SFTS
M-ORF-encoded polyprotein and a cell line is selected in
which the recombinant viral vector is persistently present
without causing overt cytopathogenic effect.

The cells expressing the SFTS M-ORF-encoded proteins
are infected with FP-T7 and, after recovery, transfected with
plasmids pUCS7-SFTS-L. and either pUC57-SFTS-S or
pUC57-SFTS-S-eGFP. When required for efficient produc-
tion, a construct encoding the SFTS structural glycoproteins
under the control of a suitable Polymerase-11 promoter (such
as the CAG promoter in the pCAGGS plasmid) is also trans-
fected or infected to provide the SFTS structural glycopro-
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teins. This procedure results in the production of SFTS rep-
licon particles of isolate HB29 that do not contain an SFTS M
genome segment.

The T7 promoter that is used has the nucleotide sequence:
5'-TAATACGACTCACTATAG-3'

The HDV ribozyme sequence that is used has the nucle-
otide sequence 5'-GGGTCGGCATGGCATCTCC-3".

The T7 terminator sequence that is used has the nucleotide
sequence: 5-TAGCATAACCCCTTGGGGC-
CTCTAAACGGGTCTTGAGGGGTTTTTTG-3'

A similar method can be used to produce replicon particles
of other SFTS isolates.

Example 10

Rapid Immunity Against RVFV in Sheep after a
Single Vaccination with the NSR Vaccine

Materials and Methods

Preparation of the Challenge Virus

The RVFYV virus that was used for challenge was rescued
from ¢cDNA (see Example 1 and Kortekaas et al. 2011. J.
Virol. Accepted for publication). The recombinant 35/74
(rec35/74) virus was titrated on BHK-21 cells and the titer
was determined as tissue culture infective dose 50 (TCID50)
using the Spearman-Kérber algorithm (Example 1). The com-
plete sequence of the L, M and S genome sequences of the
35/74 isolate can be found on GenBank under the accession
numbers JF784386, JE784387 and JF784388, respectively.

2.2 Preparation of the Vaccines

The ectodomain of the Gn protein (GneS3) was produced
from the insect expression vector pMT/BiP/V5-HisA (Invit-
rogen, Carlsbad, Calif., USA). The sequence encoding the
authentic Gn signal peptide was replaced by a sequence cod-
ing for the BiP signal peptide, specifying the junction
sequence “GLSLG-RSLRSLAEDPH”, in which GLSLG
denotes the BiP, RSLRSL denotes a linker sequence, and
AEDPH the start of the Gn ectodomain. In the pMT-GneS3
plasmid, the Gn ectodomain sequence was fused to a
sequence encoding a combined FLLAG-tag/enterokinase (EK)
cleavage site for easy detection and purification of the mono-
meric protein (DYKDDDDK) and three Strep tags (WSH-
PQFEK) separated by glycine linkers (GGGSGGGSGGGS),
resulting in the following sequence: ( . . . YQCHTDPT-
GDYKDDDDKAGPGWSHPQFEK
GGGSGGGSGGGSWSH-
PQFEKGGGSGGGSGGGSWSHPQFEK in which the
sequences resulting from introduced restriction sites are indi-
cated in bold. The enterokinase cleavage site was introduced
to allow removal of the Strep-tag after purification.

The secreted Gn ectodomain was purified from the cell
culture supernatant by virtue of its C-terminal 3x Strep-tag
using Strep-Tactin Sepharose according to the manufactur-
er’s recommendations (IBA, Gottingen, Germany). The
GneS3 protein was eluted from the washed beads with 4 mM
D-Desthiobiotin (IBA) and concentrated using an Amicon®
Ultra-4 concentrator with a molecular mass cut-off of 30 kDa
(Millipore, Billerica, Mass., USA). The protein, named
GneS3, was formulated in Stimune water-in-oil adjuvant
(Prionics, Lelystad, The Netherlands) to a final concentration
of 20 pg/ml.

Production of the NDFL-GnGc was previously reported
(Kortekaas etal. 2010. Vaccine 28: 4394-4401). OBP vaccine
is a commercially available inactivated RVFV vaccine
(Onderstepoort Biological Products [OBP], Onderstepoort,
South Africa). This vaccine was purchased from OBP and
administered according to the instructions of the manufac-
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turer. The administered doses and routes of vaccination of the
four indicated vaccines are depicted in Table 2.

TABLE 2

Route and dose of vaccines

Vaccine Route Dose Adjuvant

OBP vaccine Subcutaneous  Accordingto  Aluminium
protocol of hydroxide gel
manufacturer

NDFL-GnGe Intramuscular ~ 2.10° TCIDs,  None

NSR Intramuscular 107 TCIDs, None

GneS3 Subcutaneous 20 pg Stimune water-in-oil

2.3 Vaccination and Challenge

Thirty conventional European breed lambs were purchased
from a commercial sheep farm in The Netherlands and
divided over five groups. Lambs were vaccinated once at the
age of six weeks (day 0), as depicted in Table 2. On day 19
(days post challenge [DPC] 0), all lambs were challenged via
the intraperitoneal route with 10° TCID50 of RVFV rec35/74.
EDTA blood samples were collected daily starting from day
19 (DPC0)until day 26 (DPC 7) and again on days 28, 30, 33,
35,37 and 40 (DPC 9, 11, 14, 15, 17 and 20). Serum samples
were collectedondays -7, 0, 7, 14, and daily from day 19 (day
of challenge) to 26 (DPC 7) and finally on days 33 (DPC 14)
and 40 (DPC 20). Body weights were determined weekly, on
DPI-7,-1,6,13,18,25,32 and 39. Rectal body temperatures
were determined daily starting on day 17 (two days prior to
challenge) until the end of the experiment.

2.4 Quantitative Real-Time PCR and ELISA

Viral RNA was isolated from plasma samples using the
QuickGene DNA tissue kit S (DT-S, Fuji Photo Film Europe
GmbH, Dusseldorf, Germany) with the following modifica-
tions. Proteinase K solution (EDT, DT-S kit, 30 pl) and 3 ul
polyadenylic acid A (polyA 5 pg/ul, Sigma, St. Louis, Mo.,
USA) were added to 250 ul lysis buffer (LDT, DT-S kit). Of
this mixture, 250 ul was added to 300 pl plasma. The mixture
was heated at 72° C. for 10 min in a heating block and stored
at —20° C. until further analysis. RNA isolation was subse-
quently performed using the QG-Mini80 Workflow (Fuji
Film). The lysate was mixed with 350 ul 99% ethanol before
loading on the column. After three wash steps with 750 pl
wash buffer (WDT, DT-S kit) the RNA was eluted with 50 ul
elution buffer (CDT, DT-S kit). The material was stored at
-70° C. until further analysis.

RNA samples (5 ul) were used for quantitative Taqgman
reverse-transcriptase real-time PCR (QRRT-PCR). The Light-
Cycler RNA Amplification Kit HybProbe (Roche, Almere,
The Netherlands) was used and primers, probes and cycling
conditions were used as previously described (Drosten et al.
2002 J Clin Microbiol 40: 2323-2330).

2.5 Clinical Chemistry

Clinical chemistry was performed with serum collected on
the day of challenge (study day 19, DPC 0) and subsequently
on days 20-25 (DPC 1-6), and on days 32 (DPC 14) and 38
(DPC 21). Enzyme analysis was performed using the
Spotchem EZ SP-4430 analyser (Menarini Diagnostics, Valk-
enswaard, The Netherlands) using strips capable of detecting
alkaline phosphatase (ALP), alanine transaminase (ALT),
creatinine, glucose, total protein and urea.

On day 0, blood samples (n=30) were collected and used to
define the upper and lower limits of blood parameters. Limits
were set at the average upper and lower averages plus two
times their standard deviations.
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2.6 Statistical Analysis

Statistical analyses were performed with the one-way
analysis of variance (ANOVA) with Bonferroni’s multiple
comparison test using GraphPad Prism version 5.00 for Win-
dows (GraphPad Software, San Diego, Calif., USA). Statis-
tical differences with p-values<0.05 were considered signifi-
cant.

Results

After acclimatization for one week, all lambs were vacci-
nated as depicted in Table 2. On different time points after
vaccination, the injection sites were inspected for possible
adverse reactions. These inspections revealed mild to moder-
ate swelling in four and five out of six lambs vaccinated with
the OBP and GneS3 vaccine, respectively. In the other
groups, no injection site reactions were observed (FIG. 13).
No adverse reactions at the injection site were observed in
lambs vaccinated with the NDV-GnGc vaccine or the NSR
vaccine.

After challenge the rectal temperatures in the control group
peaked at 2 DPC (FIG. 14). Peak rectal temperatures and the
total days of fever (rectal body temperature =40.1° C.) were
both significantly lower (p<0.0001) in all vaccinated groups,
compared to the control group.

The occurrence of viremia was determined by qRRT-PCR
on RNA isolated from plasma samples. High levels of viral
RNA were detected in all but one of the unvaccinated control
animals, peaking on DPC 3 (FIG. 15). Viral RNA levels were
significantly lower in all vaccinated groups (p<0.0001).

The body weights of the lambs were determined weekly.
The lambs in the unvaccinated control group all displayed
weight loss in the first two weeks after challenge (between
days 18-25). Some weight loss, at a later time point (between
days 25-32), was noted in five lambs vaccinated with NDV-
GnGe and two lambs vaccinated with the NSR vaccine (FIG.
16). Differences between body weights were not statistically
significant.

To investigate the occurrence of liver and renal damage,
biochemical analyses were performed on serum samples
using the Spotchem EZ dry chemistry analyzer. Hepatic dys-
function was assessed by sequential measurements of serum
alkaline phosphatase (ALP), alanine transaminase (ALT) and
total protein concentrations (TP) (FIG. 17). Total protein
concentration is assumed to represent mostly albumin levels.
In unvaccinated lambs, ALP and ALT levels were clearly
increased when compared to vaccinated lambs. Statistical
significance (p<0.05) was however only achieved when com-
paring ALP levels in plasma obtained from unvaccinated
lambs (Mock) and NDV-GnGe-vaccinated lambs.

The concentrations of blood urea nitrogen (BUN) and crea-
tinine were measured to assess renal function. BUN levels in
serum obtained from unvaccinated lambs were clearly on
average higher than levels detected in the serum of vaccinated
lambs (FIG. 17).

Creatinine levels in serum from unvaccinated lambs were
significantly higher when compared to levels detected in
serum from vaccinated lambs (OBP vaccine, p<0.0005;
GneS3, p<0.005; NSR, p<0.005; NDV-GnGec, p<0.05).

One lamb in the Mock-vaccinated control group suc-
cumbed to the infection. In this lamb, creatinine levels peaked
on DPC 8 to a level of 582 pmol/l and BUN levels peaked to
30.6 mmol/l. This strongly suggests that this lamb died from
severe kidney failure. Liver failure was revealed by a peak in
ALT concentration of 20 U/1.
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Conclusions

We here demonstrate that a single vaccination of sheep
with the non-spreading NSR vaccine prevents mortality and
morbidity and significantly reduces viremia, fever and clini-
cal signs resulting from a RVFV challenge. The efficacy of the
NSR vaccine did not significantly differ from the other vac-
cines evaluated in our study. The high immunogenicity of the
NSR vaccine explains that the use of adjuvants is not
required. The inability of the NSR vaccine to spread from the
vaccinated animal provides optimal safety.

Example 11

RVFYV Replicon Particles that Produce Recombinant
Soluble Multimeric NA of Pandemic Swine-Origin
2009 A (HIN1) Influenza Virus

Seq S-CD5-0OS-GCN4-NA (see below) encodes a human
codon-optimized soluble neuraminidase ectodomain (NA
amino acids 75 to 469) of influenza virus A/California/04/
2009 (HIN1). This sequence was synthesized at the Gen-
Script Corporation. The NA gene is preceded by a sequence
encoding an N-terminal CDS5 signal peptide which is fol-
lowed by sequences encoding a N-terminal OneSTrEP (OS)
comprising a purification motif and a tetramerization motif
(GCN4-pLI; Bosch et al. 2010. J. Virol. 84: 10366-10374).

To generate a vector comprising CD5-OS-GCN4-NA,
pUC57-S-MCS was digested with Nhel and Xbal and Nhel/
Xbal digested OS-GCN4-NA sequence was cloned into this
plasmid, yielding pUC57-S-GCN4-NA. The CDS5 sequence
was subsequently introduced by annealing of the following
oligo’s:

Oligo CD5-3:
5

CATGCCCATGGGGTCTCTGCAACCGCTGGCCACCTTGTACCTGCTGGGGA
TGCTGGTCGCTTCCGTG-3!

Oligo CD5-4:
5

CTAGCACGGAAGCGACCAGCATCCCCAGCAGGTACAAGGTGGCCAGCGGT
TGCAGAGACCCCATGGG-3!

The CDS5 linker is ligated into Ncol/Nhel-digested pUCS57-
S-GCN4-NA, yielding pUC57-S-CD5-0OS-GCN4-NA.

BHK-GnGe cells were infected with FP-T7. After recov-
ery, the cells were transfected with pUC57-L, pUCS57-S-
CD5-08-GCN4-NA and pCAGGS-NSmGnGe, essentially
as exemplified in Example 1. After cell passage, the transfec-
tion was repeated. This sequence of events was repeated until
all the cells of the monolayer express the CD5-OS-GCN4-NA
protein, as determined by IPMA. The quantity of GCN4-NA
in the culture medium of these cells was determined. To
establish high levels of NSmGnGce proteins, plasmid
pCAGGS-NSmGnGe was again introduced in the cell line,
yielding replicon particles containing the S-CD5-OS-GCN4-
NA gene. The replicon particles are used for vaccination/
challenge experiments in mice to establish the protective
efficacy against a lethal HIN1 challenge.
Seq. S-CD5-0S-GCN4-NA
Nucleotides 1-69 (underlined) encode the CD5 sequence
Nucleotides 73-156 encodes the OneSTrEP(OS) peptide
Nucleotides 163-261 encodes the GCN4 domain
Nucleotides 262-1449 encodes the NA ectodomain
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atgcccatggggtetetgeaacegetggecaccttgtacetgetggggatgetggteget
M P M GG S L Q P L A T L Y L L GM L V A

tcegtgectagegtggagecaceegeagttegagaaaggtggaggt tecggaggtggateyg
s vL AW S HUP Q F E K G G G S G G G S

ggaggtggatcgtggagcecacccegcagttegaaaaaagatctatgaaacaaatcegaagac
G G G §S W s H P Q F E K R S M K Q I E D

aagctggaagaaatcctttegaaactgtaccacatcgaaaacgagetggecaggatcaag
K L E E I L 8 K L Y HI ENE L A R I K

aaactgctgggegaaggatcecgetgetggacagtecgtegtgagegtgaagetggecgga
K L. .6 E G S A A G Q S V V s V KL A G

aacagcagcctgtgeccagtgageggatgggecatetacagecaaggacaacagegtgege
N 8§ 8§ L ¢ PV 8 GW A I Y S K DN S V R

atcggcagcaagggcgacgtgttegtgateegegagecctteatcagetgeageceecty
1 ¢ § K DV F V I R EPVF I 8 C S P L

gagtgcegcaccttettectgacecagggegecctgetgaacgacaagecacagcaacgge
E ¢C R T F F L T Q G A L L ND K H S N G

accattaaggaccgcageccatacaggacectgatgagetgecccattggagaggtgeca
T I K DR S P Y RTILMS C?P I G E V P

agcccatacaacagcaggtttgagagegtggettggtecgecagegettgecacgatgga
s P Y N §$ R F E S V A W S A 8 A C H D G

atcaactggctgaccattggaatcageggaccagacaacggegecgtggecgtgetgaag
I N w L T I ¢ I 8 G P D NG AV A V L K

tacaacggcatcatcaccgacaccatcaagagetggegecaacaacatcectgegeaccecag
Yy N ¢ I 1 T b T I K 8§ W R NN I L R T Q

gagagcgagtgegectgegtgaacggcagetgettecacegtgatgacegacggecccage
E S EC A C VNG § CF TV M TD G P S

aacggccaggcecagctacaagattttecegeategagaagggcaagatcgtgaagagegty
N G 9 A §$ Y K I F R I E K G K I V K 8 V

gagatgaacgcccccaactaccactacgaggagtgeagetgetaceecegacagecagegag
E M N A P N Y HY E E C S C Y P D S S E

atcacctgegtgtgecgegacaactggeacggecagcaacegecectgggtecagettcaac
I T ¢ v ¢ RDDNWUHG S NR P W V S F N

Cagaacctggagtaccagateggetacatetgetecggaatetttggagacaateccagyg
Q N L E Y ¢ I GG Y I ¢ 8§ G I F G D N P R

ccaaatgacaagaccggcagetgeggaccagtgagecagcaatggagetaacggegtgaag
P N D K T G S ¢C G P V 8 8§88 N G AN G V K

ggcttcagettcaagtacggcaacggegtgtggateggeegeaccaagageatcageage
G F S F K Y G N GV W I GRTK s I 8§ 8

cgcaacggcttegagatgatetgggaceccaacggetggaceggeaccgacaacaactte
R N ¢ F EM I WD PNGWT GG T DN N F

agcatcaagcaggacatcgtgggeatcaacgagtggageggatacageggeagetttgty
s I K ¢ DI Vv G I N EW S G Y S8 G S8 F V

cagcacccagagctgaceggactggactgeatcaggecctgettetgggtggagetgate
Q H P EL T GG L D C I R P CF WV E L I

aggggaagacccaaggagaacaccatctggaccageggecageageattagettttgegga
R G R P K EN T I W T S G S 8 I 8 F C G

gtgaacagcgacaccgtgggatggagetggecagatggagetgagetgeectteaceate
vV N 8§ D TV GW S W P D G AE L P F T I

gacaagtga
D K -
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Example 12

Expression of Foreign Proteins from the NSR
Genome

Replicon cell lines expressing trimeric soluble hemagglu-
tinin protein (sHA;) and tetrameric soluble neuraminidase
protein (sNA,) from influenza virus HIN1 were produced
essentially as described in Example 5 with the modifications
schematically depicted in FIG. 18. A replicon cell line
expressing the eGFP protein was also produced alongside in
these experiments.

Flow cytometry analysis using an antibody specific for the
N protein was used to determine the percentage of cells con-
taining both the L. and S(S-eGFP, S- . HA; or S- NA ) genome
segments. N protein expression is dependent on the presence
of both L. and S genome segments. Flow cytometry demon-
strated that 96% of the cells in which the L and S-eGFP
genome segments were introduced were positive for N pro-
tein expression at passage 8 (FIG. 19A, results obtained from
analysis of control BHK-GnGec cells are depicted in FIGS.
19D, E and F). Flow cytometry analysis of cells containing L.
and the S-CD5-HA-GCN4-ST (i.e. S- HA ) segment demon-
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strated that 98% of the cells were positive for N expression
(FIG. 19B). Flow cytometry analysis of cells containing L.
and the S-CD5-OS-GCN4-NA segment (i.e. S- . NA,) dem-
onstrated that 98.5% of the cells were positive for N expres-
sion (FIG. 19C).

Production of the sHA ; and sNA,, Proteins by the Replicon
Cell Lines

Cell culture medium was collected and pre-cleared by
slow-speed centrifugation. Proteins were purified from the
culture medium using Strep-Tactin Sepharose gravity-flow
columns according to the instructions from the manufacturers
(IBA, Gottingen, Germany). The eluted fractions were ana-
lyzed by Silver-stained polyacrylamide gels (FIG. 20A) and
Western blot using Strep-Tactin conjugated to horseradish
peroxidase (Strep-Tactin-HRP, IBA, FIG. 20B).

The yield of both proteins was estimated at 1 mg/l of
culture medium (BCA assay, Pierce, Thermo Scientific,
Landsmeer, The Netherlands). The production yields of the
sHA; and sNA, proteins were again determined after cell
passage 20 and found unchanged.

Transfection of the replicon cell lines with the pCAGGS-
NSmGnGe plasmid resulted in NSR titers of 107> TCID50/ml
of NSR-.HA, and 10° TCID50/ml of NSR- NA,. These par-
ticles will be used as vaccines for the control of influenza.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 31
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial
FEATURE:

<400> SEQUENCE: 1

taatacgact cactatag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Gc derived peptide

<400> SEQUENCE: 2

OTHER INFORMATION: T7 polymerase promoter sequence

18

Val Phe Glu Arg Gly Ser Leu Pro Gln Thr Arg Asn Asp Lys Thr Phe

1 5 10
Ala Ala Ser Lys
20

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: T7 promoter

<400> SEQUENCE: 3

taatacgact cactatag

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 4

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial
FEATURE:

15

18
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-continued

42

<223> OTHER INFORMATION: HDV ribozyme sequence
<400> SEQUENCE: 4

gggtcggeat ggcatctee

<210> SEQ ID NO 5

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: T7 terminator sequence

<400> SEQUENCE: 5

tagcataacc ccttggggece tctaaacggg tettgagggg ttttttg

<210> SEQ ID NO 6

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligo MCS 1

<400> SEQUENCE: 6

catggactag tctcgagget agcagatetg cggecget

<210> SEQ ID NO 7

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligo MCS 2

<400> SEQUENCE: 7

ctagagcgge cgcagatctg ctagectega gactagte

<210> SEQ ID NO 8

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: oligo CD5-1

<400> SEQUENCE: 8
ctagtatgee catggggtcet ctgcaaccge tggccacctt gtacctgetg gggatgetgg

tcgetteegt g

<210> SEQ ID NO 9

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligo CD5-2

<400> SEQUENCE: 9
ctagcacgga agcgaccage atccccagca ggtacaaggt ggccageggt tgcagagacce

ccatgggeat a

<210> SEQ ID NO 10

<211> LENGTH: 1740

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: CD5-HA-GCN4-ST
<220> FEATURE:

<221> NAME/KEY: CDS

19

47

38

38

60

71

60

71
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-continued

44

<222> LOCATION:

<400> SEQUENCE:

atg
Met
1

atg
Met

gece
Ala

acce
Thr

ctyg
Leu
65

att

Ile

gece
Ala

acce
Thr

ctyg
Leu

agc
Ser
145

cca

Pro

aag
Lys

Lys

agc
Ser

gtg
Val
225

cge
Arg

ctyg
Leu

gtg
Val

Ile

cce
Pro

ctyg
Leu

aac
Asn

gtg
Val
50

tgce
Cys

get
Ala

agc
Ser

tgce
Cys

agc
Ser
130

agc
Ser

cac
His

aag
Lys

gge
Gly

gece
Ala
210

gge
Gly

cce
Pro

gtg
Val

gtg
Val

ate
Ile
290

atg
Met

gte
Val

aac
Asn
35

ace
Thr

aag
Lys

gga
Gly

agc
Ser

tac
Tyr
115

agc
Ser

tgg
Trp

get
Ala

gge
Gly

aag
Lys
195

gac
Asp

agc
Ser

aag
Lys

gag
Glu

cca
Pro
275

ate
Ile

999
Gly

get
Ala
20

agc
Ser

cac
His

ctyg
Leu

tgg
Trp

tgg
Trp
100

cce
Pro

gtg
Val

cca
Pro

gga
Gly

aac
Asn
180

gag
Glu

cag
Gln

agc
Ser

gtg
Val

cce
Pro
260

cge

Arg

agc
Ser

tct
Ser

tecc
Ser

acce
Thr

agc
Ser

cge
Arg

ate
Ile
85

agc
Ser

gge
Gly

agc
Ser

aac
Asn

gece
Ala
165

agc
Ser

gtg
Val

cag
Gln

cge
Arg

cge
Arg
245

gge
Gly

tac
Tyr

gac
Asp

.. (1740)

ctyg
Leu

gtg
Val

gac
Asp

gtg
Val

gge
Gly
70

ctyg
Leu

tac
Tyr

gac
Asp

agc
Ser

cac
His
150

aag
Lys

tac
Tyr

ctyg
Leu

agc
Ser

tac
Tyr
230

gac

Asp

gac
Asp

get
Ala

acce
Thr

caa
Gln

cta
Leu

acce
Thr

aac
Asn
55

gtg
Val

gga
Gly

ate
Ile

tte
Phe

tte
Phe
135

gac
Asp

agc
Ser

cece
Pro

gtg
Val

ctyg
Leu
215

agc
Ser

cag
Gln

aag
Lys

ttt
Phe

cece
Pro
295

ccg
Pro

gca
Ala

gtg
Val
40

ctyg
Leu

get
Ala

aac
Asn

gtg
Val

ate
Ile
120

gag
Glu

agc
Ser

ttc
Phe

aag
Lys

ctyg
Leu
200

tac
Tyr

aag
Lys

gag
Glu

ate
Ile

get
Ala
280

gtg
Val

ctyg
Leu

gac
Asp
25

gac
Asp

ctyg
Leu

cca
Pro

cca
Pro

gag
Glu
105

gac
Asp

cge
Arg

aac
Asn

tac
Tyr

ctyg
Leu
185

tgg
Trp

cag
Gln

aag
Lys

gge
Gly

ace
Thr
265

atg
Met

cac
His

gece
Ala
10

ace
Thr

ace
Thr

gag
Glu

ctyg
Leu

gag
Glu
90

ace
Thr

tac
Tyr

ttc
Phe

aag
Lys

aag
Lys
170

agc
Ser

gge
Gly

aac
Asn

ttc
Phe

cge
Arg
250

ttt

Phe

gag
Glu

gac
Asp

ace
Thr

ctg
Leu

gtg
Val

gac
Asp

cac
His
75

tge
Cys

cce
Pro

gag
Glu

gag
Glu

gga
Gly
155

aac
Asn

aag
Lys

ate
Ile

gee
Ala

aag
Lys
235

atg
Met

gag
Glu

agg
Arg

tge
Cys

ttg
Leu

tgc
Cys

ctyg
Leu

aag
Lys
60

ctyg
Leu

gag
Glu

agc
Ser

gag
Glu

ate
Ile
140

gtg
Val

ctyg
Leu

agc
Ser

cac
His

gac
Asp
220

cece
Pro

aac
Asn

get
Ala

aat
Asn

aac
Asn
300

tac
Tyr

ate
Ile

gag
Glu

cac
His

gge
Gly

agc
Ser

agc
Ser

ctyg
Leu
125

tte
Phe

acce
Thr

ate
Ile

tac
Tyr

cac
His
205

acce
Thr

gag
Glu

tac
Tyr

acce
Thr

get
Ala
285

acce
Thr

ctyg
Leu

gge
Gly
30

aag
Lys

aac
Asn

aag
Lys

ctyg
Leu

gac
Asp
110

cge
Arg

cce
Pro

get
Ala

tgg
Trp

ate
Ile
190

cce
Pro

tac
Tyr

ate
Ile

tac
Tyr

gga
Gly
270

gge
Gly

ace
Thr

ctyg
Leu
15

tac
Tyr

aac
Asn

gge
Gly

tgce
Cys

agc
Ser
95

aac
Asn

gag
Glu

aag
Lys

get
Ala

ctyg
Leu
175

aac
Asn

agc
Ser

gtg
Val

gece
Ala

tgg
Trp
255

aac

Asn

agc
Ser

tgce
Cys

999
Gly

cac
His

gtg
Val

aag
Lys

aac
Asn
80

ace
Thr

gge
Gly

cag
Gln

ace
Thr

tgce
Cys
160

gtg
Val

gac
Asp

ace
Thr

ttc
Phe

ate
Ile
240

ace
Thr

ctyg
Leu

gge
Gly

cag
Gln

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912



45

US 9,109,199 B2

-continued

46

acce
Thr
305

cce

Pro

cge
Arg

ctyg
Leu

gtg
Val

tac
Tyr
385

aac

Asn

gtg
Val

Lys

ctyg
Leu

Asn
465

gee

Ala

aac
Asn

tac
Tyr

cte
Leu

ate
Ile
545

Lys

tte
Phe

<210>
<211>
<212>
<213>
<220>
<223>

cce
Pro

ate
Ile

ctyg
Leu

ttt
Phe

gat
Asp
370

gece
Ala

aag
Lys

gge
Gly

aag
Lys

ctyg
Leu
450

gtg
Val

aag
Lys

ace
Thr

agc
Ser

gag
Glu
530

gag
Glu

att
Ile

gag
Glu

aag
Lys

ace
Thr

gece
Ala

gga
Gly
355

gga
Gly

gece
Ala

gtg
Val

aag
Lys

gtg
Val
435

gtg
Val

aag
Lys

gag
Glu

tgce
Cys

gag
Glu
515

tta

Leu

tce
Ser

aag
Lys

aag
Lys

gge
Gly

ate
Ile

ace
Thr
340

get
Ala

tgg
Trp

gac
Asp

aac
Asn

gag
Glu
420

gac
Asp

ctyg
Leu

aac
Asn

ate
Ile

atg
Met
500

gag
Glu

att
Ile

aag
Lys

ctyg
Leu

tga

PRT

gece
Ala

gge
Gly
325

gga
Gly

att
Ile

tac
Tyr

ctyg
Leu

agc
Ser
405

tte
Phe

gac
Asp

ctyg
Leu

ctyg
Leu

gge
Gly
485

gag
Glu

gece
Ala

aag
Lys

cag
Gln

gtg
Val
565

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

579

ate
Ile
310

aag
Lys

ctyg
Leu

get
Ala

gge
Gly

aag
Lys
390

gtg
Val

aac
Asn

gge
Gly

gag
Glu

tac
Tyr
470

aac
Asn

agc
Ser

aag
Lys

cge
Arg

aag
Lys
550

ceg
Pro

aac
Asn

tgc
Cys

agg
Arg

gga
Gly

tac
Tyr
375

agc
Ser

ate
Ile

cac
His

tte
Phe

aac
Asn
455

gag
Glu

gge
Gly

gtg
Val

ctyg
Leu

atg
Met
535

aag

Lys

cge
Arg

ace
Thr

cce
Pro

aac
Asn

ttc
Phe
360

cac
His

ace
Thr

gag
Glu

ctyg
Leu

ctyg
Leu
440

gag
Glu

aag
Lys

tgce
Cys

aag
Lys

aac
Asn
520

aag

Lys

ate
Ile

gge
Gly

agc
Ser

aag
Lys

ate
Ile
345

att
Ile

cac
His

cag
Gln

aag
Lys

gag
Glu
425

gac
Asp

cge
Arg

gtg
Val

ttc
Phe

aac
Asn
505

cge

Arg

cag
Gln

gag
Glu

agc
Ser

ctyg
Leu

tac
Tyr
330

cca
Pro

gag
Glu

cag
Gln

aac
Asn

atg
Met
410

aag
Lys

ate
Ile

ace
Thr

cge
Arg

gag
Glu
490

gge
Gly

gag
Glu

ate
Ile

aac
Asn

cte
Leu
570

cce
Pro
315

gtg
Val

agc
Ser

gge
Gly

aac
Asn

gee
Ala
395

aac
Asn

cge
Arg

tgg
Trp

ctg
Leu

agc
Ser
475

tte
Phe

ace
Thr

gag
Glu

gag
Glu

gag
Glu
555

gag
Glu

tte
Phe

aag
Lys

ate
Ile

gge
Gly

gag
Glu
380

ate
Ile

acce
Thr

ate
Ile

acce
Thr

gac
Asp
460

cag
Gln

tac
Tyr

tac
Tyr

ate
Ile

gac
Asp
540

atc

Ile

tgg
Trp

Synthetic Construct

cag
Gln

agc
Ser

cag
Gln

tgg
Trp
365

cag
Gln

gac
Asp

cag
Gln

gag
Glu

tac
Tyr
445

tac
Tyr

ctyg
Leu

cac
His

gac
Asp

gac
Asp
525

aag

Lys

gece
Ala

agc
Ser

aac
Asn

ace
Thr

agc
Ser
350

ace
Thr

gge
Gly

gag
Glu

ttc
Phe

aac
Asn
430

aac
Asn

cac
His

aag
Lys

aag
Lys

tac
Tyr
510

gge
Gly

ate
Ile

cge
Arg

cac
His

ate
Ile

aag
Lys
335

cge
Arg

gga
Gly

agc
Ser

ate
Ile

ace
Thr
415

ctyg
Leu

gece
Ala

gac
Asp

aac
Asn

tgce
Cys
495

cce
Pro

gtg
Val

gaa
Glu

ate
Ile

ccg
Pro
575

cac
His
320

ctyg
Leu

gge
Gly

atg
Met

gge
Gly

ace
Thr
400

gece
Ala

aac
Asn

gag
Glu

agc
Ser

aac
Asn
480

gac
Asp

aag
Lys

aag
Lys

gag
Glu

aag
Lys
560

cag
Gln

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1740
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<400> SEQUENCE:

Met

1

Met

Ala

Thr

Leu

65

Ile

Ala

Thr

Leu

Ser

145

Pro

Lys

Lys

Ser

225

Arg

Leu

Ile

Thr

305

Pro

Arg

Leu

Tyr
385

Pro

Leu

Asn

Val

Cys

Ala

Ser

Cys

Ser

130

Ser

His

Lys

Gly

Ala

210

Gly

Pro

Val

Val

Ile

290

Pro

Ile

Leu

Phe

Asp
370

Ala

Lys

Met

Val

Asn

35

Thr

Lys

Gly

Ser

Tyr

115

Ser

Trp

Ala

Gly

Lys

195

Asp

Ser

Lys

Glu

Pro

275

Ile

Lys

Thr

Ala

Gly
355
Gly

Ala

Val

Gly

Ala

20

Ser

His

Leu

Trp

Trp

100

Pro

Val

Pro

Gly

Asn

180

Glu

Gln

Ser

Val

Pro

260

Arg

Ser

Gly

Ile

Thr

340

Ala

Trp

Asp

Asn

Ser

Ser

Thr

Ser

Arg

Ile

85

Ser

Gly

Ser

Asn

Ala

165

Ser

Val

Gln

Arg

Arg

245

Gly

Tyr

Asp

Ala

Gly

325

Gly

Ile

Tyr

Leu

Ser

Leu

Val

Asp

Val

Gly

70

Leu

Tyr

Asp

Ser

His

150

Lys

Tyr

Leu

Ser

Tyr

230

Asp

Asp

Ala

Thr

Ile

310

Lys

Leu

Ala

Gly

Lys

390

Val

Gln

Leu

Thr

Asn

55

Val

Gly

Ile

Phe

Phe

135

Asp

Ser

Pro

Val

Leu

215

Ser

Gln

Lys

Phe

Pro

295

Asn

Cys

Arg

Gly

Tyr

375

Ser

Ile

Pro

Ala

Val

40

Leu

Ala

Asn

Val

Ile

120

Glu

Ser

Phe

Lys

Leu

200

Tyr

Lys

Glu

Ile

Ala

280

Val

Thr

Pro

Asn

Phe

360

His

Thr

Glu

Leu

Asp

25

Asp

Leu

Pro

Pro

Glu

105

Asp

Arg

Asn

Tyr

Leu

185

Trp

Gln

Lys

Gly

Thr

265

Met

His

Ser

Lys

Ile

345

Ile

His

Gln

Lys

Ala

10

Thr

Thr

Glu

Leu

Glu

90

Thr

Tyr

Phe

Lys

Lys

170

Ser

Gly

Asn

Phe

Arg

250

Phe

Glu

Asp

Leu

Tyr

330

Pro

Glu

Gln

Asn

Met

Thr

Leu

Val

Asp

His

75

Cys

Pro

Glu

Glu

Gly

155

Asn

Lys

Ile

Ala

Lys

235

Met

Glu

Arg

Cys

Pro

315

Val

Ser

Gly

Asn

Ala
395

Asn

Leu

Cys

Leu

Lys

60

Leu

Glu

Ser

Glu

Ile

140

Val

Leu

Ser

His

Asp

220

Pro

Asn

Ala

Asn

Asn

300

Phe

Lys

Ile

Gly

Glu
380

Ile

Thr

Tyr

Ile

Glu

45

His

Gly

Ser

Ser

Leu

125

Phe

Thr

Ile

Tyr

His

205

Thr

Glu

Tyr

Thr

Ala

285

Thr

Gln

Ser

Gln

Trp
365
Gln

Asp

Gln

Leu

Gly

30

Lys

Asn

Lys

Leu

Asp

110

Arg

Pro

Ala

Trp

Ile

190

Pro

Tyr

Ile

Tyr

Gly

270

Gly

Thr

Asn

Thr

Ser

350

Thr

Gly

Glu

Phe

Leu

15

Tyr

Asn

Gly

Cys

Ser

95

Asn

Glu

Lys

Ala

Leu

175

Asn

Ser

Val

Ala

Trp

255

Asn

Ser

Cys

Ile

Lys

335

Arg

Gly

Ser

Ile

Thr

Gly

His

Val

Lys

Asn

80

Thr

Gly

Gln

Thr

Cys

160

Val

Asp

Thr

Phe

Ile

240

Thr

Leu

Gly

Gln

His

320

Leu

Gly

Met

Gly

Thr
400

Ala
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-continued

405 410 415

Val Gly Lys Glu Phe Asn His Leu Glu Lys Arg Ile Glu Asn Leu Asn
420 425 430

Lys Lys Val Asp Asp Gly Phe Leu Asp Ile Trp Thr Tyr Asn Ala Glu
435 440 445

Leu Leu Val Leu Leu Glu Asn Glu Arg Thr Leu Asp Tyr His Asp Ser
450 455 460

Asn Val Lys Asn Leu Tyr Glu Lys Val Arg Ser Gln Leu Lys Asn Asn
465 470 475 480

Ala Lys Glu Ile Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp
485 490 495

Asn Thr Cys Met Glu Ser Val Lys Asn Gly Thr Tyr Asp Tyr Pro Lys
500 505 510

Tyr Ser Glu Glu Ala Lys Leu Asn Arg Glu Glu Ile Asp Gly Val Lys
515 520 525

Leu Glu Leu Ile Lys Arg Met Lys Gln Ile Glu Asp Lys Ile Glu Glu
530 535 540

Ile Glu Ser Lys Gln Lys Lys Ile Glu Asn Glu Ile Ala Arg Ile Lys
545 550 555 560

Lys Ile Lys Leu Val Pro Arg Gly Ser Leu Glu Trp Ser His Pro Gln
565 570 575

Phe Glu Lys

<210> SEQ ID NO 12

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: combined FLAG/enterokinase cleavage site

<400> SEQUENCE: 12

Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 13

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Strep tag

<400> SEQUENCE: 13

Trp Ser His Pro Gln Phe Glu Lys
1 5

<210> SEQ ID NO 14

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: glycine linker

<400> SEQUENCE: 14

Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 69

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:
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52

-continued
<223> OTHER INFORMATION: part fusion protein
<400> SEQUENCE: 15
Tyr Gln Cys His Thr Asp Pro Thr Gly Asp Tyr Lys Asp Asp Asp Asp
1 5 10 15
Lys Ala Gly Pro Gly Trp Ser His Pro Gln Phe Glu Lys Gly Gly Gly
20 25 30
Ser Gly Gly Gly Ser Gly Gly Gly Ser Trp Ser His Pro Gln Phe Glu
35 40 45
Lys Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Trp Ser His
50 55 60
Pro Gln Phe Glu Lys
65
<210> SEQ ID NO 16
<211> LENGTH: 67
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: oligo CD5-3

<400> SEQUENCE:

catgcccatyg gggtcetetge aaccgetgge caccttgtac ctgetgggga tgetggtege

ttcegty

<210>
<211>
<212>
<213>
<220>
<223>

<400> SEQUENCE:

ctagcacgga agcgaccage atccccagca ggtacaaggt ggccageggt tgcagagacce

ccatggyg

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

<400> SEQUENCE:

atg
Met
1

atg
Met

ggt
Gly

cag
Gln

Ile
65

cce
Pro

ctyg
Leu

gga
Gly

ttc
Phe
50

ctt
Leu

atg
Met

gte
Val

ggt
Gly

gaa
Glu

tcg
Ser

999
Gly

get
Ala
20

tce

Ser

aaa
Lys

aaa
Lys

67

16

SEQ ID NO 17
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: oligo CD5-4

17

SEQ ID NO 18
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION :
FEATURE:
NAME/KEY: CDS
LOCATION :

1449

S-CD5-0S-GCN4 -NA

(1) ..(1449)

18

tct ctyg
Ser Leu

tcec gtg
Ser Val

gga ggt
Gly Gly

aga tct
Arg Ser

ctg tac
Leu Tyr
70

caa
Gln

cta
Leu

gga
Gly

atg
Met
55

cac
His

ccg
Pro

gecg
Ala

tcg
Ser
40

aaa

Lys

ate
Ile

ctyg
Leu

tgg
Trp
25

gga
Gly

caa
Gln

gaa
Glu

gece
Ala
10

age

Ser

ggt
Gly

ate
Ile

aac
Asn

ace
Thr

cac
His

gga
Gly

gaa
Glu

gag
Glu
75

ttg
Leu

ceg
Pro

teg
Ser

gac
Asp
60

ctyg
Leu

tac
Tyr

cag
Gln

tgg
Trp
45

aag

Lys

gece
Ala

ctyg
Leu

ttc
Phe
30

age

Ser

ctyg
Leu

agg
Arg

ctyg
Leu
15

gag
Glu

cac
His

gaa
Glu

ate
Ile

999
Gly

aaa
Lys

ccg
Pro

gaa
Glu

aag
Lys
80

60

67

60

67

48

96

144

192

240
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54

aaa
Lys

Lys

tac
Tyr

gtg
Val

tte
Phe
145

acce
Thr

gga
Gly

tecc
Ser

agc
Ser

ate
Ile
225

gag
Glu

gac
Asp

aag
Lys

tac
Tyr

tgc
Cys
305

cag

Gln

gac
Asp

agc
Ser

gge
Gly

gag
Glu

ctyg
Leu

ctyg
Leu

agc
Ser

ate
Ile
130

ttc
Phe

att
Ile

gag
Glu

gece
Ala

gga
Gly
210

ace
Thr

agc
Ser

gge
Gly

gge
Gly

gag
Glu
290

cge
Arg

aac
Asn

aat
Asn

aat
Asn

gtg
Val
370

atg
Met

ctyg
Leu

gece
Ala

aag
Lys
115

cge
Arg

ctyg
Leu

aag
Lys

gtg
Val

agc
Ser
195

cca
Pro

gac
Asp

gag
Glu

cce
Pro

aag
Lys
275

gag
Glu

gac
Asp

ctyg
Leu

cce
Pro

gga
Gly
355

tgg
Trp

ate
Ile

gge
Gly

gga
Gly
100

gac
Asp

gag
Glu

ace
Thr

gac
Asp

cca
Pro
180

get
Ala

gac
Asp

ace
Thr

tgce
Cys

agc
Ser
260

ate
Ile

tgce
Cys

aac
Asn

gag
Glu

agg
Arg
340

get
Ala

ate
Ile

tgg
Trp

gaa
Glu
85

aac
Asn

aac
Asn

cece
Pro

cag
Gln

cge
Arg
165

agc
Ser

tgc
Cys

aac
Asn

ate
Ile

gece
Ala
245

aac
Asn

gtg
Val

agc
Ser

tgg
Trp

tac
Tyr
325

cca

Pro

aac
Asn

gge
Gly

gac
Asp

gga
Gly

agc
Ser

agc
Ser

tte
Phe

gge
Gly
150

agc
Ser

cca
Pro

cac
His

gge
Gly

aag
Lys
230

tgc
Cys

gge
Gly

aag
Lys

tgc
Cys

cac
His
310
cag

Gln

aat
Asn

gge
Gly

cge
Arg

cece
Pro

tecc
Ser

agc
Ser

gtg
Val

ate
Ile
135

gece
Ala

cca
Pro

tac
Tyr

gat
Asp

gece
Ala
215

agc
Ser

gtg
Val

cag
Gln

agc
Ser

tac
Tyr
295

gge
Gly

ate
Ile

gac
Asp

gtg
Val

acce
Thr
375

aac
Asn

get
Ala

ctyg
Leu

cge
Arg
120

agc
Ser

ctyg
Leu

tac
Tyr

aac
Asn

gga
Gly
200

gtg
Val

tgg
Trp

aac
Asn

gece
Ala

gtg
Val
280

cce
Pro

agc
Ser

gge
Gly

aag
Lys

aag
Lys
360

aag

Lys

gge
Gly

get
Ala

tgce
Cys
105

ate
Ile

tgce
Cys

ctyg
Leu

agg
Arg

agc
Ser
185

ate
Ile

gece
Ala

cge
Arg

gge
Gly

agc
Ser
265

gag
Glu

gac
Asp

aac
Asn

tac
Tyr

ace
Thr
345

gge
Gly

agc
Ser

tgg
Trp

gga
Gly
90

cca
Pro

gge
Gly

agc
Ser

aac
Asn

ace
Thr
170

agg
Arg

aac
Asn

gtg
Val

aac
Asn

agc
Ser
250

tac
Tyr

atg
Met

agc
Ser

cge
Arg

ate
Ile
330

gge
Gly

ttc
Phe

ate
Ile

ace
Thr

cag
Gln

gtg
Val

agc
Ser

cce
Pro

gac
Asp
155

ctg
Leu

ttt
Phe

tgg
Trp

ctg
Leu

aac
Asn
235

tge
Cys

aag
Lys

aac
Asn

agc
Ser

cce
Pro
315

tge

Cys

agc
Ser

agc
Ser

agc
Ser

gge
Gly

tecc
Ser

agc
Ser

aag
Lys

ctyg
Leu
140

aag
Lys

atg
Met

gag
Glu

ctyg
Leu

aag
Lys
220

ate
Ile

tte
Phe

att
Ile

gece
Ala

gag
Glu
300

tgg
Trp

tecc
Ser

tgc
Cys

tte
Phe

agc
Ser
380

acce
Thr

gte
Val

gga
Gly

gge
Gly
125

gag
Glu

cac
His

agc
Ser

agc
Ser

acce
Thr
205

tac
Tyr

ctyg
Leu

acce
Thr

tte
Phe

cece
Pro
285

ate
Ile

gte
Val

gga
Gly

gga
Gly

aag
Lys
365

cge

Arg

gac
Asp

gtg
Val

tgg
Trp
110

gac
Asp

tgce
Cys

agc
Ser

tgce
Cys

gtg
Val
190

att
Ile

aac
Asn

cge
Arg

gtg
Val

cge
Arg
270

aac
Asn

ace
Thr

agc
Ser

ate
Ile

cca
Pro
350

tac

Tyr

aac
Asn

aac
Asn

agc
Ser
95

gece
Ala

gtg
Val

cge
Arg

aac
Asn

cce
Pro
175

get
Ala

gga
Gly

gge
Gly

ace
Thr

atg
Met
255

ate
Ile

tac
Tyr

tgce
Cys

ttc
Phe

ttt
Phe
335

gtg
Val

gge
Gly

gge
Gly

aac
Asn

gtg
Val

ate
Ile

ttc
Phe

ace
Thr

gge
Gly
160

att
Ile

tgg
Trp

ate
Ile

ate
Ile

cag
Gln
240

ace
Thr

gag
Glu

cac
His

gtg
Val

aac
Asn
320

gga
Gly

agc
Ser

aac
Asn

ttc
Phe

ttc
Phe

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200
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56

385

agc
Ser

gge
Gly

cece
Pro

ate
Ile

acce
Thr
465

gac
Asp

<210>
<211>
<212>
<213>
<220>
<223>

ate
Ile

agc
Ser

tgce
Cys

tgg
Trp
450

gtg
Val

aag
Lys

aag
Lys

ttt
Phe

ttc
Phe
435

ace
Thr

gga
Gly

tga

cag
Gln

gtg
Val
420

tgg
Trp

agc
Ser

tgg
Trp

PRT

<400> SEQUENCE:

Met

1

Met

Gly

Gln

Ile

Lys

Lys

Tyr

Phe

145

Thr

Gly

Ser

Ser

Ile
225

Pro

Leu

Gly

Phe

50

Leu

Leu

Leu

Ser

Ile

130

Phe

Ile

Glu

Ala

Gly
210

Thr

Met

Val

Gly

35

Glu

Ser

Leu

Ala

Lys

115

Arg

Leu

Lys

Val

Ser
195

Pro

Asp

Gly

Ala

20

Ser

Lys

Lys

Gly

Gly

100

Asp

Glu

Thr

Asp

Pro
180
Ala

Asp

Thr

gac
Asp
405

cag

Gln

gtg
Val

gge
Gly

agc
Ser

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

482

19

Ser

Ser

Gly

Arg

Leu

Glu

85

Asn

Asn

Pro

Gln

Arg

165

Ser

Cys

Asn

Ile

390
atc

Ile

cac
His

gag
Glu

agc
Ser

tgg
Trp
470

Leu

Val

Gly

Ser

Tyr

70

Gly

Ser

Ser

Phe

Gly

150

Ser

Pro

His

Gly

Lys
230

gtg
Val

cca
Pro

ctyg
Leu

agc
Ser
455

cca
Pro

gge
Gly

gag
Glu

ate
Ile
440

att

Ile

gat
Asp

ate
Ile

ctyg
Leu
425

agg
Arg

agc
Ser

gga
Gly

aac
Asn
410

accec

Thr

gga
Gly

ttt
Phe

get
Ala

395

gag
Glu

gga
Gly

aga
Arg

tge
Cys

gag
Glu
475

tgg
Trp

ctyg
Leu

cece
Pro

gga
Gly
460

ctyg
Leu

Synthetic Construct

Gln

Leu

Gly

Met

55

His

Ser

Ser

Val

Ile

135

Ala

Pro

Tyr

Asp

Ala
215

Ser

Pro

Ala

Ser

40

Lys

Ile

Ala

Leu

Arg

120

Ser

Leu

Tyr

Asn

Gly
200

Val

Trp

Leu

Trp

25

Gly

Gln

Glu

Ala

Cys

105

Ile

Cys

Leu

Arg

Ser

185

Ile

Ala

Arg

Ala

Ser

Gly

Ile

Asn

Gly

90

Pro

Gly

Ser

Asn

Thr

170

Arg

Asn

Val

Asn

Thr

His

Gly

Glu

Glu

75

Gln

Val

Ser

Pro

Asp

155

Leu

Phe

Trp

Leu

Asn
235

Leu

Pro

Ser

Asp

60

Leu

Ser

Ser

Lys

Leu

140

Lys

Met

Glu

Leu

Lys
220

Ile

agc
Ser

gac
Asp

aag
Lys
445

gtg
Val

cece
Pro

Tyr

Gln

Trp

45

Lys

Ala

Val

Gly

Gly

125

Glu

His

Ser

Ser

Thr
205

Tyr

Leu

gga
Gly

tgce
Cys
430

gag
Glu

aac
Asn

ttc
Phe

Leu

Phe

30

Ser

Leu

Arg

Val

Trp

110

Asp

Cys

Ser

Cys

Val
190
Ile

Asn

Arg

tac
Tyr
415

atc

Ile

aac
Asn

agc
Ser

ace
Thr

Leu

15

Glu

His

Glu

Ile

Ser

95

Ala

Val

Arg

Asn

Pro

175

Ala

Gly

Gly

Thr

400

agc
Ser

agg
Arg

ace
Thr

gac
Asp

ate
Ile
480

Gly

Lys

Pro

Glu

Lys

80

Val

Ile

Phe

Thr

Gly

160

Ile

Trp

Ile

Ile

Gln
240

1248

1296

1344

1392

1440

1449
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58

Glu Ser Glu

Asp Gly Pro

Lys Gly Lys

275

Tyr Glu Glu
290

Cys Arg Asp
305

Gln Asn Leu

Asp Asn Pro

Ser Asn Gly

355

Gly Val Trp
370

Glu Met Ile
385

Ser Ile Lys

Gly Ser Phe

Pro Cys Phe

435

Ile Trp Thr
450

Thr Val Gly
465

Asp Lys
<210> SEQ I

<211> LENGT.
<212> TYPE:

Cys Ala Cys Val Asn

245

Ser Asn Gly Gln Ala

260

Ile Val Lys Ser Val

280

Cys Ser Cys Tyr Pro

295

Asn Trp His Gly Ser
310

Glu Tyr Gln Ile Gly

325

Arg Pro Asn Asp Lys

340

Ala Asn Gly Val Lys

360

Ile Gly Arg Thr Lys

375

Trp Asp Pro Asn Gly
390

Gln Asp Ile Val Gly

405

Val Gln His Pro Glu

420

Trp Val Glu Leu Ile

440

Ser Gly Ser Ser Ile

455

Trp Ser Trp Pro Asp
470

D NO 20
H: 6814
DNA

<213> ORGANISM: Artificial

<220> FEATU

RE:

<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 20

ttcgageteg

gccgatteat

acaaaggcgce

tgttagagtg

tgatgtctece

agcatctgaa

caattttgtt

gegtgagttt

aactacatct

tgcattccag

tcagggcagg

gtaccagcgg

taatgcaggg

ccaatcatgg

ccaatcaage

aagatggtag

ataggctcaa

cacgatttca

cccatgatga

ggcatgtata

getgecatga

actgttgtte

aagagcgecec

ggatctcgat

attctatatt

attatgactg

atagaattac

ctttgctace

cctttggeca

atgacgggtt

acatcgttga

ctaaactcge

tttatgttgt

Gly Ser Cys
250

Ser Tyr Lys
265

Glu Met Asn

Asp Ser Ser

Asn Arg Pro

315

Tyr Ile Cys
330

Thr Gly Ser
345

Gly Phe Ser

Ser Ile Ser

Trp Thr Gly

395

Ile Asn Glu
410

Leu Thr Gly
425

Arg Gly Arg

Ser Phe Cys

Gly Ala Glu
475

Phe Thr Val
Ile Phe Arg
270

Ala Pro Asn
285

Glu Ile Thr
300

Trp Val Ser

Ser Gly Ile

Cys Gly Pro

350

Phe Lys Tyr
365

Ser Arg Asn
380

Thr Asp Asn

Trp Ser Gly

Leu Asp Cys

430

Pro Lys Glu
445

Gly Val Asn
460

Leu Pro Phe

sequence pUS57-L

aatacgcaaa

ccegegaaat

atcaaaacag

tacaatgcta

catagacttce

ctctatgteg

cttagctgac

tgatcatctg

gttcaccace

taagtatgag

tagcgectac

cecgectetee

taatacgact

ctggttgaca

actctggcac

aatttagacg

atagatgtgg

aagactgaca

agccctgaca

tttagggggy

gttecttgtyg

cggcatggtg

Met Thr
255

Ile Glu

Tyr His

Cys Val

Phe Asn
320

Phe Gly
335

Val Ser

Gly Asn

Gly Phe

Asn Phe
400

Tyr Ser
415

Ile Arg

Asn Thr

Ser Asp

Thr Ile
480

cegegegtty
cactatagac
agactggttt
tcccaacatt
acatacaagg
aagatatggce
gactcttaat
tgattatcaa
atgaaagagg
agaacagatc

tttggtctaa

60

120

180

240

300

360

420

480

540

600

660



59

US 9,109,199 B2

-continued
tttggagcta gaggactctyg aagcagagga gatggtatat aggtacagac ttgcccttag 720
tgtgatggat gagctaagga ccttgttcce agaactgtca tccacagatyg aggaactagg 780
aaagactgag agagagttgc tagccatggt ctectccate caaataaatt ggtcagtcac 840
agaatctgtg tttecteccct ttagcagaga aatgtttgac aggttcagat cttctectcee 900
cgattcagag tacatcacga ggatagtgag cagatgccte ataaattctc aagagaaact 960
catcaataat tccttctttg ctgaagggaa tgataaagtt ttgagatttt caaaaaacgc 1020
tgaggagtgt tccttggcaa tagagagagc tttaaatcag tatagggcag aagacaacct 1080
tagggaccta aatgaccaca agtctactat tcagctgect cecctggcectgt cctatcacga 1140
tgccgatgge aaagatctgt geccctcecttca gggattagat gtgagaggag accatcccat 1200
gtgcaacctyg tggagagaag tggttacctc tgcaaatcta gaggagattg agaggatgca 1260
cgatgatgca gcggcagaac ttgagtttgce cctttcaggg gtgaaggaca ggccagatga 1320
aagaaacaga taccatagag tccatctgaa tatggactca gatgatagtg tctacatagc 1380
tgctttaggg gttaatggaa agaagcataa agcagacaca ttagtgcaac aaatgagaga 1440
caggagcaaa cagcccttet ctceccagatca tgatgtggat cacatatctg aatttctcecte 1500
tgcatgctct agtgacttgt gggcaacaga tgaggaccta tacaaccctce tetcettgtga 1560
taaagagctt agattggcag ctcagagaat tcatcagcca tccttatcag aaaggggctt 1620
caatgagatt ataacagagc actacagatt tatgggaagt aggataggat catggtgcca 1680
aatggtcagt ttaataggag ctgagctatc agcttctgta aagcaacatg ttaagcctaa 1740
ctattttgtg attaaacgac tactaggttc tgggattttc ttgctgatca agcctacttce 1800
cagcaaaagc catatattcg tgtcttttge aattaagcege tecttgectggg cctttgatcet 1860
ctccacttece agggttttca aaccctacat agatgccggg gatctgttag ttactgactt 1920
tgtttcttac aaactaagta agcttaccaa cctcectgcaag tgcgtttcecgt taatggaatc 1980
cteccttetca ttttgggcag aggcatttgg gattccaage tggaactttg ttagtgactt 2040
gttcaggtcect tcagactctg cagcaatgga tgcctcatac atgggcaaac tctetttatt 2100
aacccttttg gaagacaaag caacaactga agagttacag actattgcaa gatatataat 2160
catggagggc tttgtctege ccccagaaat cccaaaacct cacaagatga cctctaagtt 2220
tceccaaggtt ctcaggtcag agctgcaggt ttacttatta aactgcttat gcagaactat 2280
ccagagaata gcaggtgagc cctttattct taagaagaag gatgggtcta tatcctgggg 2340
tggcatgttt aatccttttt cagggcgtcce actgcttgat atgcaaccac tcatcagcetg 2400
ttgttacaat ggttacttta aaaacaaaga agaagagact gagccttcct cectttetgg 2460
gatgtataag aaaattatag aacttgagca ccttagacca cagtcagatg ccttcttggg 2520
ttataaagat ccagaactac ctagaatgca tgagttcagt gtttcctact tgaaggaggc 2580
ttgcaatcat gctaagctgg tcecttaaggag tctctatgga cagaatttca tggagcaaat 2640
agacaaccaa attattcgag agctcagtgg gttgactcta gaaagattag ccacacttaa 2700
ggccacaagc aactttaatg agaattggta tgtctataag gatgtggcag acaagaacta 2760
cacaagggat aaattattag tgaagatgtc aaaatatgct tctgagggaa agagcctagc 2820
tatccagaag tttgaggatt gcatgaggca gatagagtca caaggatgta tgcacatttg 2880
tttgtttaag aaacaacagc atggaggtct gagagagatc tatgtgatgg gtgcagagga 2940
aagaattgtt caatcggtgg tggagacaat agccaggtct atagggaagt tcetttgctte 3000
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tgataccctce tgtaaccccecce ccaataaggt gaaaattcect gagacacatg gcattagggce 3060
tcggaagcaa tgtaaggggc ctgtgtggac ttgtgcaaca tcagatgatg caaggaagtg 3120
gaaccaaggc cattttgtta caaagtttgc cctcatgcta tgtgagttca cctctcectaa 3180
gtggtggcca ttgatcatta ggggatgttc aatgtttacc aggaaaagga tgatgatgaa 3240
tttgaattat cttaagatcc tggatggtca tcgagagcett gatattagag atgactttgt 3300
gatggatctc ttcaaagctt atcatggtga ggcagaagtt ccatgggett ttaagggtaa 3360
aacatatctg gaaaccacga cagggatgat gcaggggata ttgcattata cttcctcatt 3420
attacacacc attcatcaag aatacatccg gtccttgtecce tttaaaatat tcaacctgaa 3480
ggttgctect gagatgagca aaagcctggt ttgtgacatg atgcaaggat cagatgatag 3540
tagcatgcta atcagcttcecc cagctgatga cgagaaggtt ctcaccagat gcaaagtggce 3600
cgcagccata tgcttccgaa tgaagaagga gctgggagtg taccttgcca tcectacccecte 3660
agagaagtcc acagcaaaca cagattttgt gatggagtac aattctgaat tttatttcca 3720
cacccagcat gttagaccga cgatcaggtg gattgcagca tgttgcagcce tgccagaagt 3780
ggaaacacta gtagcccgce aggaagaggce ctctaatcta atgacttcag ttactgaggg 3840
gggtgggtca ttctecttag ctgcaatgat tcagcaagcet cagtgcactc tccattacat 3900
gctaatgggce atgggagtgt ctgagctatt cttagagtat aagaaggcag tgctgaagtg 3960
gaatgaccct ggtcectgggtt tcettectget tgacaatccet tatgegtgeg ggttgggagg 4020
ttttagattt aatctcttca aagccatcac cagaactgat ttgcagaagc tatatgcttt 4080
cttcatgaag aaggttaagg gctcagctgce tagggactgg gcagatgagg atgttaccat 4140
cccagaaacg tgtagcgtga geccaggtgg cgctctaatt cttagectccect ctctaaagtg 4200
gggatctagg aagaagtttc agaaactgag agaccgtttg aacataccag agaactggat 4260
tgagctaata aatgagaatc cagaggtgct ctatcgagct cccagaacag gcccagaaat 4320
attgttgcge attgcagaga aagtccatag ccctggtgtt gtgtcatcat tgtcttetgg 4380
caatgcagtc tgtaaagtca tggcctcagce tgtatacttc ttatcagcaa caatttttga 4440
agacactgga cgccctgagt tcaacttctt agaggattcc aagtacagct tgctacaaaa 4500
gatggccgceca tattctggct ttcatggttt caatgatatg gagccagaag atatattatt 4560
cctattececg aacattgagg aattagaatc actggattct atagtttaca acaagggaga 4620
aatagacatc atcccaagag ttaatatcag ggatgcaacc caaaccaggg tcactatctt 4680
taatgagcag aagaccctcecc gaacatctce agagaagttg gtgtcagaca agtggttcegg 4740
gactcagaag agtaggatag gcaaaacaac tttcctggcet gaatgggaga agctaaagaa 4800
aattgtgaag tggttggaag acactccaga agcaactcta gctcacactc cactgaataa 4860
ccatattcag gttaggaatt tctttgctag aatggaaagc aagcctagaa cggttagaat 4920
aacaggagct cctgtaaaga agaggtcagg ggttagcaag atagctatgg ttatccgtga 4980
caatttctcce cggatgggcc atcttagagg tgtagaagac ctcgctgget tcactcegtag 5040
tgtgtcagct gaaatcctca agcactttct gttcectgcata ctacagggtce catacagtga 5100
gagctataag ctacagctaa tctacagagt cctaagctca gtgtcaaacg ttgagataaa 5160
ggaatcggat ggtaagacaa aaaccaattt gattgggatc cttcagagat ttctagatgg 5220
tgatcacgtt gtccctataa ttgaagagat gggagccgga acagtgggtg gattcatcaa 5280
gagacaacag tctaaggttg tgcaaaataa agtggtctat tatggagttg ggatctggag 5340
aggcttcatg gatggatatc aggtccatct tgagatagaa aatgacatag gacagccccce 5400
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aaggcttagg

aaggcagtgg

cagaggagct

atgcccagtt

ggtggagatg

agacttacac

gtcaatatca

ctgctgggtg

tgaggggaag

ttgttctgaa

tgaggaggce

gaacaatgca

gatggagtct

cagttcatta

caagatgggg

ctatgattta

agatgatctg

ataagcaaag

ctgatactag

cacctecteg

gggagagctc

cegetgagea

tgctgaaagyg

gcatcgtgge

aatgtcacaa

gcagaagaca

agatattgga

tatattatta

aaagtacggg

attttatctt

gatgagggag

agatgtgagt

agacagataa

tcttcectaa

catgatgttg

ttcagtcatg

tttgatacat

tctatgattg

agagcctcag

tcaaaggttc

gagttatatg

tcaggcttag

catagtgcta

cggtecgace

ggatccegget

ataactagca

aggaactata

cggegtegac

<210> SEQ ID NO 21
<211> LENGTH: 4281

<212> TYPE

: DNA

ctaactgtca

tgggggtcac

tgcattecatt

agggtgacat

gcetetactet

acactgcatc

tagctcaage

ctgtagetee

aaggaatcaa

gatcaaaggt

attatgatge

ttgtcgattyg

ctgatgtcaa

ctcatccectt

ttagaaaagt

tcttcagaac

aggagacaga

atttagggat

caatattggg

tgggcatceg

gctaacaaag

taaccecttyg

tccggatega

aagcttggeg

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 21

gaattcagcg

ttaatgcagg

gtgcattaaa

attagagtgt

gagatgattg

tgttccatat

aaagccatca

gataagattt

gagagacgaa

gtcettecag

gaagagcgcce

gggatctcga

tgtatgtttt

ctctaagtte

aaggagcttg

caggcataag

ttgctgetga

ctctegtaaa

gagacgctaa

ccttageagt

caatacgcaa

tccegegaaa

actaacaatt

cacaagagaa

ggattcactce

ggaggtcaaa

tggcttgaac

gggtcctect

gcaaatagga

ttttgcttty

gagcagcceca tgggatctga
aaacaaccag gattattcct
taggatgcaa ggacccagca
gtcagatgtt atcagactga
caacttgtac actaagcacc
agacaatgat ctcagtccag
cctgcagtta tttgagaggyg
aaaattcata tcagccatcce
cagaaccaga ctctcagaga
cggatctatyg ttetcatttyg
gttaatggat ctaatgatag
catagagttyg gatgttaatg
cctetttggyg ccageccatt
aatggataag tttgttgatt
tctagagaca ggtcggtget
tctacagaga ccagaagaga
tgtggcggat gacatgctag
actacgctag tattggaatc
cggtetttgt gtgggtcegge
aaggaggacyg tcgtccactce
cccgaaagga agctgagttyg
gggectctaa acgggtettg
gatcctctag ccagatccte

taat

sequence pUC57-M

accgectete ccegegegtt
ttaatacgac tcactataga
ctgatcacgyg ttectggtgty
gagacctget ttggtgacta
agagaggagyg agatgccaga
acctcaagcc aggaattgta
aacatcacct gccatggtaa
cacaaaaagc gggtggggat
agagaaacca tggcagggat

gcacctgttyg tttttgctga

gtgtcccaat

ctaaatctag

agccatttygyg

gaaaagagga

attctcatca

gcattttcaa

agccaagcaa

ttgagatatg

ttgtgagaat

tcgeccaatgt

aagatgctaa

gtcettacga

acaaggacat

atgccattte

ctagcaaaga

gcattaggat

gctaagacca

catgtgggtt

atggcatcte

ggatggctaa

getgetgeca

aggggttttt

tacgcecggac

ggcegattca

cacaaagacg

tgaggcggtt

caccaaccca

ggagctctee

tagggcatta

ggatcctgag

agttcggtgt

tgcaatgaca

agacccteat

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6814

60

120

180

240

300

360

420

480

540

600
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ctcagaaaca gaccagggaa ggggcacaac tacattgacyg ggatgactca ggaggacgcce 660
acatgcaaac ctgtgacata tgctgggget tgtagcagtt ttgatgtcett gctcgaaaag 720
ggaaaattcc ccctetteca gtcegtatgece catcacagaa ccctactaga agcagttcac 780
gacaccatca ttgcaaaggce tgatccacct agctgtgacce ttcagagtgce tcatgggaat 840
ccctgecatga aggagaaact cgtgatgaag acacactgte caaatgacta ccagtcaget 900
cattacctca acaatgacgg gaaaatggcet tcagtcaagt gccctcctaa atatgagcete 960
actgaggact gcaatttttg caggcagatg acaggtgcta gcttgaagaa ggggtcttat 1020
cctcecttecagg acttattttg tcagtcaagt gaggatgatg gatcaaaatt aaaaacaaaa 1080
atgaaagggg tctgcgaagt gggggttcaa gcactcaaaa agtgtgatgg ccaactcagc 1140
actgcacatg aggttgtgcc ctttgcagta tttaagaact caaagaaggt ttatcttgat 1200
aagcttgacc tcaagactga ggaaaatctg ttgccagact catttgtctg cttcgagcat 1260
aagggacagt ataaaggaac aatggactct ggtcagacca agagggagct caaaagcttt 1320
gatatctcte agtgccccaa gattggagga catggtagca agaagtgcac tggggacgca 1380
gctttttget ctgcttatga gtgcactget caatacgcca atgcttattg ttcacatget 1440
aatgggtcag gagttgtaca gatacaagta tccggggtct ggaagaagcce tttgtgtgtce 1500
gggtatgaga gggtggttgt gaagagagaa ctctctgcta agcccatcca gagagttgag 1560
ccttgcacaa cttgtataac caaatgtgag cctcacggat tggttgtccg atcaacaggt 1620
ttcaagatat catctgcagt tgcttgtgct agcggagttt gecgttacagg atcgcagagce 1680
ccttctaccg agattacact caagtatcca gggatatccce agtcectctgg gggggacata 1740
ggggttcaca tggcacatga tgatcagtca gttagctcca aaatagtagc tcactgcect 1800
cceccaggate catgectagt gcatggctge atagtgtgtg ctcatggcct gataaattac 1860
cagtgtcaca ctgctctcag tgcctttgtt gttgtgtteg tatttagcte tgtcgcaata 1920
atttgtttgg ccattcttta taaagttctc aagtgcctaa agattgcccce aaggaaagtt 1980
ctggatccac taatgtggat tactgttttc atcagatggg tgtataagaa gatggttgcce 2040
agagtagcag acaatatcaa tcaggtgaac agggaaatag gatggatgga aggaggccag 2100
ctggctcectag ggaaccctge cecctattcect cgtcatgete caattccacg ttatagcaca 2160
tacctaatgc tactattgat tgtctcatat gcatcagcat gttcagaact gattcaggca 2220
agctccagaa tcaccacttg ctccacagaa ggtgtcaaca ccaagtgtag getgtctggce 2280
acagcattaa tcagggcagg gtcagttggg gcagaggctt gtttgatgtt aaagggggtc 2340
aaggaagacc aaaccaagtt tttgaagata aaaactgtct caagtgagct atcgtgcagg 2400
gagggccaga gctattggac tgggtccttt agccctaaat gtctgagetc aaggagatge 2460
catcttgtcg gggaatgtca tgtgaatagg tgtctgtett ggagagacaa tgaaacctca 2520
gcagaatttt catttgttgg ggaaagcacg accatgcggg agaacaagtg ttttgagcag 2580
tgtggaggat ggggatgtgg gtgtttcaat gtgaacccat cttgcttatt tgtgcacacg 2640
tatctgcagt cagtcagaaa agaggccctt agagttttca actgtatcga ttgggtgcat 2700
aaactcactc tagagattac tgactttgat ggctctgttt caacaataga cctgggagca 2760
tcatctagcce gtttcacaaa ctggggttca gttagcctet cactggacgce agagggcatt 2820
tcaggctcaa acagctttte cttcattgag agcccaggca aagggtatgce aattgttgat 2880
gagccattcet cagaaattce tcggcaaggg ttcecttggggg agatcaggtg caattcagaa 2940
tcttcagtce tgagtgctca tgaatcatge cttagggcac caaatcttat ttcatacaag 3000
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cccatgatag atcagttgga gtgcacaaca aatctgattg atccctttgt tgtctttgag 3060
aggggctctce tgccacagac aaggaatgac aaaacctttg cagcttcaaa aggaaatagg 3120
ggtgttcaag ctttctctaa gggctctgta caggctgatc taacactgat gtttgacaat 3180
tttgaggtgg actttgtggg agcagccgtg tcttgtgatg ccgecttctt aaatttgaca 3240
ggttgctatt cctgcaatgce aggggccaga gtctgectgt ctatcacatc cacaggaact 3300
ggaactctect ctgcccacaa taaagatgga tctctgcata tagttcttcecce atcagagaat 3360
ggaacaaaag atcagtgtca gatactacac ttcactgtac ctgaggtaga ggaggagttt 3420
atgtactctt gtgatggaga tgagcggcct ctgttggtga agggaaccct gatagctatt 3480
gatccatttg atgataggcg agaagcaggg ggggaatcaa cagttgtgaa tccaaaatct 3540
ggatcttgga atttctttga ctggttttct ggactcatga gttggtttgg agggcctett 3600
aagactatac tcctcatttg cctgtatgta gcattatcaa ttgggctctt tttecttcett 3660
atatatcttg gaagaacagg cctctctaaa atgtggettg ctgccaccaa gaaagcctca 3720
tagatcagta cgtgtagaag caatatatag aaataagtaa acataagcaa atctaattat 3780
gtaaatattg tacagatggg tcaaactatt gggatatcca agtttagaat cttgtacaat 3840
agtactttag atgtaagctt agttgtaatt tggggtggtg gggtgaggca gcagtagtct 3900
caagtacatg tggatattct agttaatgtg aatgtctttt gccagattag ctgggaatta 3960
aactaactct ttgaagttgc accggtecttt gtgtgggtceg gcatggcatce tceccacctect 4020
cgeggtecga cctgggecatce cgaaggagga cgtegtccac teggatgget aagggagage 4080
tcggatecgg ctgctaacaa agcccgaaag gaagctgagt tggctgctge caccgctgag 4140
caataactag cataacccct tggggcctct aaacgggtcect tgaggggttt tttgctgaaa 4200
ggaggaacta tatccggatc gagatcctct agccagatcce tcectacgcecgg acgcatcegtg 4260
gccggegteg actgcagagg ¢ 4281
<210> SEQ ID NO 22
<211> LENGTH: 2092
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial sequence pUC57-S(-)
<400> SEQUENCE: 22
ggatccgate caatagcgga agagcgccca atacgcaaac cgectctece cgegegttgg 60
ccgattcatt aatgcagggg gatctcgatce cegcgaaatt aatacgactc actatagaca 120
caaagaccce ctagtgctta tcaagtatat catggattac tttectgtga tatctgttga 180
tttgcagagt ggtcgtegtg ttgtgtcagt ggagtacatt agaggtgatg gtcctcccag 240
gataccttat tctatggttg ggccctgttg tgtctttcte atgcaccatc gtecctagtca 300
cgaggttege ttgcgattct ctgatttcta caatgtcgga gaattcccat accgagtcegg 360
acttggagac tttgtatcaa acgttgcacc tccaccagca aagectttte agagacttat 420
tgatctaata ggccatatga ctcttagtga tttcacaagg ttccccaatc tgaaagaagce 480
catatcctgg cctettggag aaccctecct ggetttettt gacctaaget ccaccagagt 540
gcataggtct gatgatatta gaagggacca gattgctact ctagcaatga ggagctgcaa 600
gattaccaat gatctggagg actcctttgt tggcttacac aggatgatag tgaccgaggce 660
tatcctcaga gggattgact tgtgcctgtt gecaggettt gatctcatgt atgaggttge 720
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tcatgttcag tgtgttcgge tcctgcagge agcaagagag gatatttcta atgctgtagt 780
tccaaactca gctctcattg ctettatgga ggagagettyg atgcetgeget catcactcce 840
tagcatgatg gggagaaaca actgggttcc agttgttect ccaatcccag atgttgagat 900
agaatcagag gaagagagtg atgacgatgg atttgttgag gttgattaga gattaaggct 960
geeccaccee ccacccccaa tcccgaccegt aaccccaacce accccectttt ceccaaaccce 1020
ctgggcagcce acttaggctg ctgtcttgta cgecctgagca gectgccatga cagctgctga 1080
cggcttecca ttggaatcca caagcccaaa agctttcaag aattctctece tettcectecatg 1140
gcttataaag ttgctattca ctgctgcatt cattggctgce gtgaacgttg cggcaacctce 1200
ctecctttgtt ctacctcgga ggtttgggtt gatgacccecgg gagaactgca gcagatacag 1260
agagtgagca tccaatattg cccttagata gtcttctggt agagaagggt ccaccatgcece 1320
agcaaagctg gggtgcatca tatgccttgg gtatgcaggg gataggccat ccatggtggt 1380
cccagtgaca ggaagccact cactcaagac gaccaaagec tggcaagtcece agccagcecag 1440
ggcagcagca actcgtgata gagtcaactc atcccgggaa ggattcccecct cctttagett 1500
atacttgttg atgagagcct ccacagttgc tttgccttet ttcgacattt tcatcatcat 1560
cctecegggge ttgttgccac gagtcagage cagaacaatc attttcecttgg catccttcete 1620
ccagtcagcce ccaccatact gcectttaagag ttcgataacc ctacgggcat caaatccttg 1680
ataagcaaac tctcggaccc actgttcaat ctcattgegg tccactgctt gagcagcaaa 1740
ctggatcgca agctcttgat agttgtccat tattgtaata gtgtttgtat ctctagggag 1800
ctttgtgtgg gtcggcatgg catctceccacce tcectegeggt ccgacctggg catccgaagg 1860
aggacgtcegt ccactcggat ggctaaggga gagctceggat ceggetgceta acaaagcccyg 1920
aaaggaagct gagttggcetg ctgccaccgce tgagcaataa ctagcataac cccttggggce 1980
ctctaaacgg gtcttgaggg gttttttgct gaaaggagga actatatccg gatcgagatc 2040
ctctagecag atcctctacg ccggacgcat cgtggccgge ccaatatcta ga 2092
<210> SEQ ID NO 23
<211> LENGTH: 1229
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial sequence pUC57-SdeltaNSs
<400> SEQUENCE: 23
tctagagaaa ttaatacgac tcactataga cacaaagctc cctagagata caaacactat 60
tacaataatg gacaactatc aagagcttgc gatccagttt gcetgctcaag cagtggaccyg 120
caatgagatt gaacagtggg tccgagagtt tgcttatcaa ggatttgatg cccgtagggt 180
tatcgaactc ttaaagcagt atggtggggce tgactgggag aaggatgcca agaaaatgat 240
tgttectgget ctgactegtyg gcaacaagece ceggaggatyg atgatgaaaa tgtcgaaaga 300
aggcaaagca actgtggagg ctctcatcaa caagtataag ctaaaggagyg ggaatcctte 360
ccgggatgag ttgactctat cacgagttge tgetgccctyg getggetgga cttgecagge 420
tttggtcegte ttgagtgagt ggcttectgt cactgggace accatggatyg gcctatccce 480
tgcataccca aggcatatga tgcaccccag ctttgctgge atggtggacce cttctctace 540
agaagactat ctaagggcaa tattggatgce tcactctcetg tatctgetge agttcteccg 600
ggtcatcaac ccaaacctce gaggtagaac aaaggaggag gttgccgcaa cgttcacgea 660
gccaatgaat gcagcagtga atagcaactt tataagccat gagaagagga gagaattctt 720
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gaaagctttt

tcaggegtac

tggggttacg

acaggaaagt

tggcatctee

gatggctaag

ctgetgecac

ggggtttttt

acgccggacyg

gggcttgtgg

aagacagcag

gtcgggattg

aatccatgat

acctectege

ggagagctcg

cgctgageaa

gctgaaagga

catcgtggec

<210> SEQ ID NO 24
<211> LENGTH: 1909

<212> TYPE:

DNA

attccaatgg

cctaagtgge

9999t99999

atacttgata

ggtccgacct

gatccggety

taactagcat

ggaactatat

dgegggecec

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 24

taatacgact

acaactatca

aacagtgggt

taaagcagta

tgactegtygg

ctgtggaggce

tgactctatce

tgagtgagtg

ggcatatgat

taagggcaat

caaaccteeg

cagcagtgaa

ggcttgtgga

agacagcagc

tcgggattgg

cgtcatcact

cccagttgtt

taagagcaat

gcaggagccg

ggcacaagtce

aggagtccte

cccttcectaat

agggttctee

taagagtcat

caacgtttga

cactatagac

agagcttgeg

ccgagagttt

tggtggggct

caacaagccc

tctcatcaac

acgagttget

gettectgte

gcaccccage

attggatgct

aggtagaaca

tagcaacttt

ttccaatggyg

ctaagtggcet

999t999999

ctcttectet

tctececcate

gagagctgag

aacacactga

aatccctetyg

cagatcattg

atcatcagac

aagaggccag

atggcctatt

tacaaagtct

acaaagctcc

atccagtttyg

gcettatcaag

gactgggaga

cggaggatga

aagtataagc

getgeectygyg

actgggacca

tttgctggea

cactctetgt

aaggaggagyg

ataagccatg

aagccgteag

gcccaggggt

tggggcagcc

gattctatet

atgctaggga

tttggaacta

acatgagcaa

aggatagcct

gtaatcttge

ctatgcactce

gatatggett

agatcaataa

ccaagtccga

gaagcegtca gcagetgtca
tgcccagggy tttggggaaa
gtggggcage cttaatctte
agcactaggyg ggtctttgtyg
gggcatcega aggaggacgt
ctaacaaagc ccgaaaggaa
aaccccttgyg ggectctaaa

ccggatcgag atcctctage

sequence pUC57-3

ctagagatac aaacactatt
ctgctcaage agtggaccge
gatttgatge ccgtagggtt
aggatgccaa gaaaatgatt
tgatgaaaat gtcgaaagaa
taaaggaggyg gaatccttce
ctggetggac ttgccagget
ccatggatgyg cctatccect
tggtggacce ttctctacca
atctgetgea gttctecegy
ttgccgcaac gttcacgcag
agaagaggag agaattcttg
cagctgtcat ggcagetget
ttggggaaaa gggggtggtt
ttaatctcta atcaacctca
caacatctgyg gattggagga
gtgatgagceg cagcatcaag
cagcattaga aatatcctct
cctcatacat gagatcaaag
cggtcactat catcctgtgt
agctcctcat tgctagagta
tggtggagct taggtcaaag
ctttcagatt ggggaacctt
gtctctgaaa aggetttget

ctcggtatgyg gaattcteeg

tggcagctge
agggggtggt
aacagatatc
tgggtcggca
cgtecacteg
gectgagttgg
cgggtettga

cagatcctet

acaataatgg

aatgagattg

atcgaactct

gttetggete

ggcaaagcaa

cgggatgagt

ttggtegtet

gcatacccaa

gaagactatc

gtcatcaacc

ccaatgaatg

aaagcttttyg

caggcgtaca

ggggttacgg

acaaatccat

acaactggaa

ctctecteca

cttgctgect

cctggcaaca

aagccaacaa

gcaatctggt

aaagccaggg

gtgaaatcac

ggtggaggtg

acattgtaga

780

840

900

960

1020

1080

1140

1200

1229

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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aatcagagaa
agggcccaac
acacaacacg
acttgataag
tcegacctygyg
tceggetget

actagcataa

tcgcaagega
catagaataa
acgaccactce
cactaggggg
gecatccgaag

aacaaagccc

ccecttgggy

<210> SEQ ID NO 25
<211> LENGTH: 1879

<212> TYPE:

DNA

acctegtgac

ggtatcctygyg

tgcaaatcaa

tetttgtgty

gaggacgtcg

gaaaggaagc

cctctaaacy

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 25

ggtacctege

gagatacaaa

ctcaagcagt

ttgatgceeg

atgccaagaa

tgaaaatgtc

aggaggggaa

getggactty

tggatggect

tggaccctte

tgctgcagtt

ccgcaacgtt

agaggagaga

ctgtcatgge

dggaaaaggy

atcttctaga

actccagcag

tgctcaggta

ggtagtggtc

ccttgatgec

actccagett

tgcggttcac

cgtecttgaa

agtcgtgetyg

tggtcacgag

tcagcttgee

tcacgtegee

tgctcaccat

gaatgcatta

cactattaca

ggaccgcaat

tagggttatc

aatgattgtt

gaaagaaggc

tccttecegy

ccaggetttyg

atcceetgea

tctaccagaa

ctcecegggte

cacgcageca

attcttgaaa

agctgeteag

ggtggttggg

ttacttgtac

gaccatgtga

gtggttgtceg

ggcgagctgc

gttettetge

gtgccccagyg

cagggtgtcg

gaagatggtg

cttcatgtgg

ggtgggccag

gtaggtggca

gtccageteg

gggatatact

gagaaattaa

ataatggaca

gagattgaac

gaactcttaa

ctggetetga

aaagcaactg

gatgagttga

gtcegtettga

tacccaagge

gactatctaa

atcaacccaa

atgaatgcag

gettttggge

gegtacaaga

gttacggtcyg

agctegteca

tegegettet

ggcagcagca

acgctgeegt

ttgtcggeca

atgttgecegt

ccctegaact

cgctectgga

tcggggtagc

ggcacgggca

tegeectege

accaggatgg

tgataagcac

taggacgatyg gtgcatgaga
gaggaccatc acctctaatg
cagatatcac aggaaagtaa
ggteggeatyg gcatctccac
tccactcgga tggctaaggyg
tgagttggcet gctgecaccy

ggtettgagg ggtttttty

sequence pUC57-S-eGFP

tacgactcac tatagacaca
actatcaaga gcttgcgatce
agtgggtcceg agagtttget
agcagtatgyg tggggctgac
ctcegtggcaa caagccccgg
tggaggctcet catcaacaag
ctctatcacyg agttgetget
gtgagtggcet tcctgtcact
atatgatgca ccccagettt
gggcaatatt ggatgctcac
acctccgagyg tagaacaaag
cagtgaatag caactttata
ttgtggattc caatgggaag
cagcagccta agtggetgec
ggattggggg tggggggtyg
tgccgtgagt gatcceggeg
cgttggggte tttgctcagy
cggggcegte geccgatgggyg
cctegatgtt gtggeggatce
tgatatagac gttgtggcetg
cctecttgaa gtcegatgece

tcacctegge gegggtettyg

cgtagectte gggcatggeg
ggctgaagca ctgcacgcceg
gettgecggt ggtgcagatg
cctegecgga cacgctgaac

gcaccacccee ggtgaacage

tagggggtct ttgtgtgggt

aagacacaac

tactccactyg

tccatgatat

ctecctegegy

agagctcgga

ctgagcaata

aagctccecta

cagtttgetyg

tatcaaggat

tgggagaagg

aggatgatga

tataagctaa

gecetggetyg

gggaccacta

gctggcatgg

tctetgtate

gaggaggttg

agccatgaga

ccgtcageag

caggggtttg

ggcagectta

geggtcacga

geggactggyg

gtgttetget

ttgaagttca

ttgtagttgt

ttcagctega

tagttgcegt

gacttgaaga

taggtcaggg

aacttcaggyg

ttgtggcegt

tcctegeect

cggcatggea

1560

1620

1680

1740

1800

1860

1909

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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76

tcteccaccte

ctaagggaga

gccacegety

tttttgctga

ctegeggtee gacctgggea tccgaaggag gacgtegtece actceggatgg

geteggatcee ggetgctaac aaagcccgaa aggaagctga gttggetget

agcaataact agcataacce cttggggect ctaaacgggt cttgaggggt

aaggtcgac

<210> SEQ ID NO 26
<211> LENGTH: 702

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 26

gaattcgaaa
gtttaattec
ttgagactac
actattgtac
tacataatta
tctagagece
getgattegyg
ggcatggcat
cteggatgge
ttggctgetyg

ttgaggggtt

ctctacgeceyg

ttaatacgac

cagctaatct

tgctgectca

aagattctaa

gatttgctta

gtggcacgtg

tacccgggat

ctccacctcec

taagggagag

ccaccgcetga

ttttgctgaa

gacgcatcgt

<210> SEQ ID NO 27
<211> LENGTH: 1056

<212> TYPE:

DNA

tcactataga

ggcaaaagac

cccecaccacce

acttggatat

tgtttactta

actagtaagc

ccttgeteac

tcgeggtecy

ctcggateeg

gcaataacta

aggaggaact

ggCngCgtC

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial

<400> SEQUENCE: 27

taatacgact

agctaatctg

getgecteac

agattctaaa

atttgettat

tgtacagctce

tgtgatcgeg

tgtcgggcag

getgcacget

tctgettgte

ccaggatgtt

tgtcgeecte

tggtgegete

cactatagac

gcaaaagaca

cccaccacece

cttggatatc

gtttacttat

gtccatgecyg

cttetegtty

cagcacgggyg

geegtecteyg

ggccatgata

geegtectee

gaacttcace

ctggacgtag

acaaagaccg

ttcacattaa

caaattacaa

ccaatagttt

ttctatatat

tgagtgatcc

gggtectttge

cegtegecga

atgttgtgge

tagacgttgt

ttgaagtcga

teggegeggg

ccttegggea

sequence pUC57-Mv

cacaaagacc

attcacatta

ccaaattaca

cccaatagtt

tttctatata

ttgatatcte

catggttaat

acctgggeat

getgctaaca

gcataaccce

atatccggat

gactgecctge

sequence pUC57-Mv-eGFP

gtgcaacttce

ctagaatatc

ctaagcttac

gacccatcetyg

tgcttctaca

cggcggegge

tcagggcgga

tgggggtgtt

ggatcttgaa

ggctgttgta

tgccctteag

tcttgtagtt

tggcggactt

ggtgcaactt

actagaatat

actaagctta

tgacccatct

ttgcttetac

gaggcegegcec

gcaccgtett

ccgaaggagg

aagcccgaaa

ttggggecte

cgagatccte

ag

aaagagttag

cacatgtact

atctaaagta

tacaatattt

cgtactgatt

cacgaactcce

ctgggtgete

ctgctggtag

gttcaccttyg

gttgtactce

ctcgatgegy

geegtegtece

gaagaagtcg

caaagagtta
ccacatgtac
catctaaagt
gtacaatatt
acgtactgat
agctgeggece
tgtgtgggtce
acgtcgteca
ggaagctgag
taaacgggtce

tagccagatce

tttaattcce

tgagactact

ctattgtaca

acataattag

ctagattact

agcaggacca

aggtagtggt

tggtcggcga

atgcegttet

agcttgtgee

ttcaccaggyg

ttgaagaaga

tgctgettca

1740

1800

1860

1879

60

120

180

240

300

360

420

480

540

600

660

702

60

120

180

240

300

360

420

480

540

600

660

720

780
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tgtggtceggyg gtageggetyg aagcactgca cgecgtaggt cagggtggte acgagggtgg 840
gecagggcac gggcagcettyg ccggtggtge agatgaactt cagggtcage ttgecgtagg 900
tggcatcgee ctegeccteg ccggacacge tgaacttgtyg gecgttcacyg tcegecgtceca 960
gctecgaccag gatgggcace accccggtga acagctcecte geccttgetce accatggtta 1020
atgcaccgtce tttgtgtggg tcggcatgge atctcce 1056
<210> SEQ ID NO 28
<211> LENGTH: 3246
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Partial sequence pUC57-GnGc
<400> SEQUENCE: 28
gaattcgcete ttcaagcacc accatggccg gaatcgecat gacagtgttg cctgcactgg 60
cegtgtttge tttggetecce gtggtgtttg ctgaagacce gcacctgege aaccgtectg 120
gcaagggcca caactatatt gacggcatga cccaggaaga cgctacatgt aagccggtga 180
catatgctgg cgcctgetcet agettcegacg tgetectgga aaagggaaaa ttcccactgt 240
ttcagtccta tgctcatcac cgcaccctge tggaggcegt ccacgacaca attatcgcaa 300
aggccgatcee ccctagetge gacctgecaga gegeccatgg caacccegtge atgaaagaga 360
aactggtgat gaaaacacat tgcccgaatg actaccagte tgcacactat ctcaacaatg 420
acggcaagat ggcttcegtg aaatgcccac caaagtacga actgaccgag gattgtaact 480
tttgccgeca gatgacggge gcaagtctta agaagggtag ttaccctetyg caggacctgt 540
tttgtcagte ctcagaggac gacggcagca agctcaaaac taaaatgaag ggcgtgtgeg 600
aggtgggtgt gcaagccctt aaaaagtgeg acggccaget ctecaccgece cacgaagtgg 660
tcecttttge tgtttttaag aatagcaaga aggtgtacct cgacaaactyg gatctgaaaa 720
ctgaagaaaa cctgcttect gatagttteg tgtgcttega gcacaaaggce cagtacaagg 780
gtaccatgga ctccggtcag accaaacgcg agctgaaatce cttcgacatt teccagtgec 840
ccaagatcgg aggacacgga agcaagaaat gcaccggega cgecgectte tgtagegect 900
acgaatgcac tgcccaatat gccaacgett attgctctea cgecaacggt tetggegtgg 960
tgcagattca ggtgtccgge gtctggaaga agcegttgtg tgtgggctat gaacgcegtgg 1020
tggtgaagcg ggagttgagce gctaagccca tccagcegtgt ggagccatge accacctgca 1080
tcacaaagtg tgaaccacac ggtctggtgg tgaggtctac cggatttaag attagctctg 1140
cagtcgectg tgcaagtggce gtgtgtgtca ctggctcaca gagtccctca acggaaatca 1200
ctttgaagta tcccggcatc agccaaagct ctggaggcga tatcggcecgte catatggecce 1260
acgacgacca gagcgtgage tcaaagattg ttgcccactyg cccecccgecag gacccttgee 1320
ttgtgcacgg ctgcattgtg tgcgcccacg gattgattaa ctaccaatgce cacaccgcac 1380
tcagcgectt tgtcecgtggtt tttgtgtttt cttecgttge aatcatttge ctggccatce 1440
tgtacaaagt cctcaaatgc ctgaaaattg ccecctaggaa ggtcctcgac ccgttgatgt 1500
ggattacggt gttcatccga tgggtgtata agaagatggt ggcaagggtg gcagataaca 1560
ttaaccaggt gaacagagag ataggatgga tggaaggtgg ccagttggca cttggtaacc 1620
ctgcccecceccat cectecgacac geccccatte cgagatatag cacctaccte atgetgette 1680
tgatcgtgag ctacgcatcc gectgcagcg agctgattca ggccagcagt agaatcacga 1740
cgtgcagtac agaaggagtg aacaccaaat geccgectgte cggaaccgece ctgattegeg 1800



79

US 9,109,199 B2

-continued

80

ceggeteegt

aattcctgaa

ggacaggtag

gtcatgtgaa

tgggtgaatc

gtggctgett

gcaaggaagce

tcacagattt

caaactgggyg

ttagtttcat

tcccaaggea

ctcatgagag

ttgagtgcac

agacccgcaa

gcaagggtte

tcggageege

atgctggage

acaataaaga

gtcagattct

gcgatgagag

gacgcgagge

ttgactggtt

tctgectgta

ceggettgte

ggccge

cggcgccgag

gatcaagact

cttcagteca

taggtgtctyg

caccaccatg

caacgtgaac

tctgegegtt

tgacggctee

tagcgtgagt

cgaatccect

gggettectt

ttgtctgagyg

aacaaatctt

cgacaagacg

cgtgcaggec

tgtctectge

acgegtgtge

tggaagtctt

gcactttace

gectetgety

tggcggagag

cagcggactce

cgtggetetyg

aaaaatgtgg

<210> SEQ ID NO 29
<211> LENGTH: 3611

<212> TYPE

: DNA

gectgtetea

gtttecatctyg

aagtgtettt

tcatggegeyg

cgggaaaata

cegtettgee

tttaattgta

gtcagcacca

ctcteectygy

ggcaagggtt

ggagagatca

gececgaace

atagatccct

ttcgcagett

gacctgacat

gatgcagcat

ctgagcatta

cacatecgtge

gtgccegagg

gtcaagggca

agcactgteg

atgtcctggt

agtatcggac

ctggcegeta

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: partial

ORF of RVFV 35/74 M genome

<400> SEQUENCE: 29

gaattcacca

attagagtgt

gagatgattg

tgttccatat

aaagccatca

gataagattt

gagagacgaa

gtcettecag

ctcagaaaca

tgtatgtttt

ctctaagtte

aaggagcttg

caggcataag

ttgctgetga

ctctegtaaa

gagacgctaa

ccttageagt

gaccagggaa

actaacaatt

cacaagagaa

ggattcactce

ggaggtcaaa

tggcttgaac

gggtcctect

gcaaatagga

ttttgcttty

ggggcacaac

tgctcaaggy cgtgaaggag
aactctcatyg tcgggaggga
cctecegteyg ctgtcaccty
acaacgagac ttccgccgaa
aatgtttcga acagtgcgge
tetttgttea tacctatctg
tcgactgggt gcataagetce
tcgacctggyg agettettca
atgccgaagyg tatttcagge
atgccategt ggacgaacct
ggtgcaactc agaaagctcce
tgatctccta taagcccatg
tcgtegtgtt tgaaagagge
ctaagggcaa ccgtggagte
tgatgttcga taacttcgag
ttctgaatct gactggetge
cctecactgyg tacaggtace
tgcctagega gaacggcaca
tggaggaaga gttcatgtac
ctctecatege cattgaccct
ttaacccaaa gagcggctet
ttggaggcce actcaagacg
tecttettect cctgatctat

caaagaaagc cagttaagcet

gaccagacca

cagtcctact

gtcggggaat

ttttcttteyg

ggctggggtt

caatctgtge

acattggaaa

tcacgattta

agcaacagtt

ttctececgaga

gtgttgagtg

attgaccage

tceccteccce

caggccettta

gtggatttcg

tatagttgca

ctgteegece

aaggaccaat

tcctgtgatyg

tttgatgaca

tggaatttct

attctectga

ctcggaagaa

cttecteage

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3246

sequence of pCIneo-NSmGnGe encodingthe

segment

ctgatcacgyg ttectggtgty

gagacctget ttggtgacta

agagaggagyg agatgccaga

acctcaagcc aggaattgta

aacatcacct gccatggtaa

cacaaaaagce gggtggggat

agagaaacca tggcagggat

gcacctgttyg tttttgctga

tacattgacg ggatgactca

tgaggcggtt

caccaaccca

ggagctctee

tagggcatta

ggatcctgag

agttcggtgt

tgcaatgaca

agacccteat

ggaggacgcc

60

120

180

240

300

360

420

480

540
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acatgcaaac ctgtgacata tgctgggget tgtagcagtt ttgatgtcett gctcgaaaag 600
ggaaaattcc ccctetteca gtcegtatgece catcacagaa ccctactaga agcagttcac 660
gacaccatca ttgcaaaggce tgatccacct agctgtgacce ttcagagtgce tcatgggaat 720
ccctgecatga aggagaaact cgtgatgaag acacactgte caaatgacta ccagtcaget 780
cattacctca acaatgacgg gaaaatggcet tcagtcaagt gccctcctaa atatgagcete 840
actgaggact gcaatttttg caggcagatg acaggtgcta gcttgaagaa ggggtcttat 900
cctettcagg acttattttg tcagtcaagt gaggatgatg gatcaaaatt aaaaacaaaa 960
atgaaagggg tctgcgaagt gggggttcaa gcactcaaaa agtgtgatgg ccaactcagc 1020
actgcacatg aggttgtgcc ctttgcagta tttaagaact caaagaaggt ttatcttgat 1080
aagcttgacc tcaagactga ggaaaatctg ttgccagact catttgtctg cttcgagcat 1140
aagggacagt ataaaggaac aatggactct ggtcagacca agagggagct caaaagcttt 1200
gatatctcte agtgccccaa gattggagga catggtagca agaagtgcac tggggacgca 1260
gctttttget ctgcttatga gtgcactget caatacgcca atgcttattg ttcacatget 1320
aatgggtcag gagttgtaca gatacaagta tccggggtct ggaagaagcce tttgtgtgtce 1380
gggtatgaga gggtggttgt gaagagagaa ctctctgcta agcccatcca gagagttgag 1440
ccttgcacaa cttgtataac caaatgtgag cctcacggat tggttgtccg atcaacaggt 1500
ttcaagatat catctgcagt tgcttgtgct agcggagttt gecgttacagg atcgcagagce 1560
ccttctaccg agattacact caagtatcca gggatatccce agtcectctgg gggggacata 1620
ggggttcaca tggcacatga tgatcagtca gttagctcca aaatagtagc tcactgcect 1680
cceccaggate catgectagt gcatggctge atagtgtgtg ctcatggcct gataaattac 1740
cagtgtcaca ctgctctcag tgcctttgtt gttgtgtteg tatttagcte tgtcgcaata 1800
atttgtttgg ccattcttta taaagttctc aagtgcctaa agattgcccce aaggaaagtt 1860
ctggatccac taatgtggat tactgttttc atcagatggg tgtataagaa gatggttgcce 1920
agagtagcag acaatatcaa tcaggtgaac agggaaatag gatggatgga aggaggccag 1980
ctggctcectag ggaaccctge cecctattcect cgtcatgete caattccacg ttatagcaca 2040
tacctaatgc tactattgat tgtctcatat gcatcagcat gttcagaact gattcaggca 2100
agctccagaa tcaccacttg ctccacagaa ggtgtcaaca ccaagtgtag getgtctggce 2160
acagcattaa tcagggcagg gtcagttggg gcagaggctt gtttgatgtt aaagggggtc 2220
aaggaagacc aaaccaagtt tttgaagata aaaactgtct caagtgagct atcgtgcagg 2280
gagggccaga gctattggac tgggtccttt agccctaaat gtctgagetc aaggagatge 2340
catcttgtcg gggaatgtca tgtgaatagg tgtctgtett ggagagacaa tgaaacctca 2400
gcagaatttt catttgttgg ggaaagcacg accatgcggg agaacaagtg ttttgagcag 2460
tgtggaggat ggggatgtgg gtgtttcaat gtgaacccat cttgcttatt tgtgcacacg 2520
tatctgcagt cagtcagaaa agaggccctt agagttttca actgtatcga ttgggtgcat 2580
aaactcactc tagagattac tgactttgat ggctctgttt caacaataga cctgggagca 2640
tcatctagcce gtttcacaaa ctggggttca gttagcctet cactggacgce agagggcatt 2700
tcaggctcaa acagctttte cttcattgag agcccaggca aagggtatgce aattgttgat 2760
gagccattcet cagaaattce tcggcaaggg ttcecttggggg agatcaggtg caattcagaa 2820
tcttcagtce tgagtgctca tgaatcatge cttagggcac caaatcttat ttcatacaag 2880
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cccatgatag atcagttgga gtgcacaaca aatctgattg atccctttgt tgtctttgag 2940
aggggctctce tgccacagac aaggaatgac aaaacctttg cagcttcaaa aggaaatagg 3000
ggtgttcaag ctttctctaa gggctctgta caggctgatc taacactgat gtttgacaat 3060
tttgaggtgg actttgtggg agcagccgtg tcttgtgatg ccgecttctt aaatttgaca 3120
ggttgctatt cctgcaatgce aggggccaga gtctgectgt ctatcacatc cacaggaact 3180
ggaactctect ctgcccacaa taaagatgga tctctgcata tagttcttcecce atcagagaat 3240
ggaacaaaag atcagtgtca gatactacac ttcactgtac ctgaggtaga ggaggagttt 3300
atgtactctt gtgatggaga tgagcggcct ctgttggtga agggaaccct gatagctatt 3360
gatccatttg atgataggcg agaagcaggg ggggaatcaa cagttgtgaa tccaaaatct 3420
ggatcttgga atttctttga ctggttttct ggactcatga gttggtttgg agggcctett 3480
aagactatac tcctcatttg cctgtatgta gcattatcaa ttgggctctt tttecttcett 3540
atatatcttg gaagaacagg cctctctaaa atgtggettg ctgccaccaa gaaagcctca 3600
taggcggeeg ¢ 3611
<210> SEQ ID NO 30
<211> LENGTH: 768
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: codon optimised N gene of RVFV 35/74
<400> SEQUENCE: 30
gaattctcta gacaccatgg ataactatca ggagctggec atccagtttg cegeccagge 60
cgtggacaga aacgagatcg aacagtgggt gegtgagtte gettaccagyg gtttecgacge 120
cegeegggty attgaactge tgaagcagta tggaggtgece gactgggaga aagacgccaa 180
gaaaatgatc gtgctggcte tgactagagg caacaagccce aggagaatga tgatgaagat 240
gagcaaggaa ggaaaggcta ctgtggaagc cctgatcaac aagtacaaac ttaaggaagg 300
aaaccectet cgcgatgaac tgactctcag cagagtggece gcageccttyg ccggatggac 360
atgtcaggcee ctggtegtge tttcecgagtg gttgccegtyg acaggaacca ccatggacgg 420
cctgteccca gcatatccca gacatatgat geatccctet ttegecggea tggtegacce 480
aagtctgcct gaggattacc tcagagecat cctggatgece cacagtcttt acttgetgea 540
gttttcetegyg gtgattaace ccaaccteceg cggaagaaca aaggaggagg ttgcagccac 600
ctttacacag cccatgaacg cagctgtgaa tagtaactte atttctcacyg aaaaacgacg 660
cgagttccte aaagecttceg gectggtgga cagcaacgga aagecttetyg cagecgtcat 720
ggcegecgee caggcataca agactgccge ttaaaagcett geggecge 768

<210> SEQ ID NO 31
<211> LENGTH: 6296

<212> TYPE:

DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Partial
the L gene of RVFV 35/75

<400> SEQUENCE: 31

ctcgagacca tggattctat attatcaaaa

gtgccaatca agcattatga ctgtacaatg

tccaagatgg tagatagaat taccatagac

sequence of pCIneo-L with the ORF of

cagctggttyg acaagactgg ttttgttaga

ctaactctgg cactcccaac atttgatgte

ttcaatttag acgacataca aggagcatct

60

120

180
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gaaataggct caactttgct accctctatg tcgatagatg tggaagatat ggccaatttt 240
gttcacgatt tcacctttgg ccacttagct gacaagactg acagactctt aatgcgtgag 300
tttcecatga tgaatgacgg gtttgatcat ctgagccctyg acatgattat caaaactaca 360
tctggecatgt ataacatcgt tgagttcacc acctttaggg gggatgaaag aggtgcatte 420
caggctgcca tgactaaact cgctaagtat gaggttcctt gtgagaacag atctcaggge 480
aggactgttg ttctttatgt tgttagcgcce taccggcatg gtgtttggtce taatttggag 540
ctagaggact ctgaagcaga ggagatggta tataggtaca gacttgccct tagtgtgatg 600
gatgagctaa ggaccttgtt cccagaactg tcatccacag atgaggaact aggaaagact 660
gagagagagt tgctagccat ggtctcctcece atccaaataa attggtcagt cacagaatct 720
gtgtttecte cectttagcag agaaatgttt gacaggttca gatcttctec teccgattca 780
gagtacatca cgaggatagt gagcagatgc ctcataaatt ctcaagagaa actcatcaat 840
aattccttet ttgctgaagg gaatgataaa gttttgagat tttcaaaaaa cgctgaggag 900
tgttecttgg caatagagag agctttaaat cagtataggg cagaagacaa ccttagggac 960
ctaaatgacc acaagtctac tattcagctg cctceccecctgge tgtcectatca cgatgccgat 1020
ggcaaagatc tgtgccctcet tcagggatta gatgtgagag gagaccatcc catgtgcaac 1080
ctgtggagag aagtggttac ctctgcaaat ctagaggaga ttgagaggat gcacgatgat 1140
gcagcggcag aacttgagtt tgccctttca ggggtgaagg acaggccaga tgaaagaaac 1200
agataccata gagtccatct gaatatggac tcagatgata gtgtctacat agctgcttta 1260
ggggttaatyg gaaagaagca taaagcagac acattagtgc aacaaatgag agacaggagc 1320
aaacagccct tcectctccaga tcatgatgtg gatcacatat ctgaatttcet ctetgcatgce 1380
tctagtgact tgtgggcaac agatgaggac ctatacaacc ctctctcttg tgataaagag 1440
cttagattgg cagctcagag aattcatcag ccatccttat cagaaagggg cttcaatgag 1500
attataacag agcactacag atttatggga agtaggatag gatcatggtg ccaaatggtc 1560
agtttaatag gagctgagct atcagcttct gtaaagcaac atgttaagcc taactatttt 1620
gtgattaaac gactactagg ttctgggatt ttcttgctga tcaagcctac ttccagcaaa 1680
agccatatat tcgtgtcttt tgcaattaag cgctcttget gggcctttga tetctcecact 1740
tccagggttt tcaaacccta catagatgcce ggggatctgt tagttactga ctttgtttcet 1800
tacaaactaa gtaagcttac caacctctgce aagtgcgttt cgttaatgga atcctcectte 1860
tcattttggg cagaggcatt tgggattcca agctggaact ttgttagtga cttgttcagg 1920
tcttcagact ctgcagcaat ggatgcctca tacatgggca aactctcttt attaaccctt 1980
ttggaagaca aagcaacaac tgaagagtta cagactattg caagatatat aatcatggag 2040
ggctttgtet cgcccccaga aatcccaaaa cctcacaaga tgacctctaa gtttceccaag 2100
gttctcaggt cagagctgca ggtttactta ttaaactgct tatgcagaac tatccagaga 2160
atagcaggtg agccctttat tcecttaagaag aaggatgggt ctatatcctg gggtggcatg 2220
tttaatcctt tttcagggcg tceccactgctt gatatgcaac cactcatcag ctgttgttac 2280
aatggttact ttaaaaacaa agaagaagag actgagcctt cctceccttte tgggatgtat 2340
aagaaaatta tagaacttga gcaccttaga ccacagtcag atgccttctt gggttataaa 2400
gatccagaac tacctagaat gcatgagttc agtgtttccet acttgaagga ggcttgcaat 2460
catgctaagc tggtcttaag gagtctctat ggacagaatt tcatggagca aatagacaac 2520
caaattattc gagagctcag tgggttgact ctagaaagat tagccacact taaggccaca 2580
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agcaacttta atgagaattg gtatgtctat aaggatgtgg cagacaagaa ctacacaagg 2640
gataaattat tagtgaagat gtcaaaatat gcttctgagg gaaagagcct agctatccag 2700
aagtttgagg attgcatgag gcagatagag tcacaaggat gtatgcacat ttgtttgttt 2760
aagaaacaac agcatggagg tctgagagag atctatgtga tgggtgcaga ggaaagaatt 2820
gttcaatcgg tggtggagac aatagccagg tctataggga agttctttgce ttctgatacce 2880
ctctgtaacc cccccaataa ggtgaaaatt cctgagacac atggcattag ggctcggaag 2940
caatgtaagg ggcctgtgtyg gacttgtgca acatcagatg atgcaaggaa gtggaaccaa 3000
ggccattttyg ttacaaagtt tgccctcatg ctatgtgagt tcacctctcce taagtggtgg 3060
ccattgatca ttaggggatg ttcaatgttt accaggaaaa ggatgatgat gaatttgaat 3120
tatcttaaga tcctggatgg tcatcgagag cttgatatta gagatgactt tgtgatggat 3180
ctcttcaaag cttatcatgg tgaggcagaa gttccatggg cttttaaggg taaaacatat 3240
ctggaaacca cgacagggat gatgcagggg atattgcatt atacttcctce attattacac 3300
accattcatc aagaatacat ccggtcecttg tcectttaaaa tattcaacct gaaggttgcet 3360
cctgagatga gcaaaagcct ggtttgtgac atgatgcaag gatcagatga tagtagcatg 3420
ctaatcagct tcccagctga tgacgagaag gttcectcacca gatgcaaagt ggccgcagcece 3480
atatgcttcce gaatgaagaa ggagctggga gtgtaccttg ccatctacce ctcagagaag 3540
tccacagcaa acacagattt tgtgatggag tacaattctg aattttattt ccacacccag 3600
catgttagac cgacgatcag gtggattgca gcatgttgca gecctgccaga agtggaaaca 3660
ctagtagccce gccaggaaga ggcctctaat ctaatgactt cagttactga ggggggtggg 3720
tcattctecct tagctgcaat gattcagcaa gctcagtgca ctctceccatta catgctaatg 3780
ggcatgggag tgtctgagct attcttagag tataagaagg cagtgctgaa gtggaatgac 3840
cctggtetgg gtttettect gettgacaat ccttatgegt gegggttggg aggttttaga 3900
tttaatctct tcaaagccat caccagaact gatttgcaga agctatatgce tttcttcatg 3960
aagaaggtta agggctcagc tgctagggac tgggcagatg aggatgttac catcccagaa 4020
acgtgtagcg tgagcccagg tggcgctcta attcttaget cctctctaaa gtggggatct 4080
aggaagaagt ttcagaaact gagagaccgt ttgaacatac cagagaactg gattgagcta 4140
ataaatgaga atccagaggt gctctatcga gctcccagaa caggcccaga aatattgttg 4200
cgcattgcag agaaagtcca tagccctggt gttgtgtcat cattgtctte tggcaatgca 4260
gtctgtaaag tcatggccte agctgtatac ttcttatcag caacaatttt tgaagacact 4320
ggacgcccetyg agttcaactt cttagaggat tccaagtaca gcttgctaca aaagatggcece 4380
gcatattctg gcectttcatgg tttcaatgat atggagccag aagatatatt attcctattce 4440
ccgaacattg aggaattaga atcactggat tctatagttt acaacaaggg agaaatagac 4500
atcatcccaa gagttaatat cagggatgca acccaaacca gggtcactat ctttaatgag 4560
cagaagaccc tccgaacatc tccagagaag ttggtgtcag acaagtggtt cgggactcag 4620
aagagtagga taggcaaaac aactttcctg gctgaatggg agaagctaaa gaaaattgtg 4680
aagtggttgg aagacactcc agaagcaact ctagctcaca ctccactgaa taaccatatt 4740
caggttagga atttctttgc tagaatggaa agcaagccta gaacggttag aataacagga 4800
gctectgtaa agaagaggtc aggggttagce aagatagcta tggttatccg tgacaatttce 4860
tcecggatgg gecatcttag aggtgtagaa gacctcecgetg gettcacteg tagtgtgtca 4920



US 9,109,199 B2

89 90
-continued
gctgaaatcce tcaagcactt tctgttetge atactacagg gtccatacag tgagagctat 4980
aagctacagc taatctacag agtcctaagce tcagtgtcaa acgttgagat aaaggaatcg 5040
gatggtaaga caaaaaccaa tttgattggg atccttcaga gatttctaga tggtgatcac 5100
gttgtceccta taattgaaga gatgggagcce ggaacagtgg gtggattcat caagagacaa 5160
cagtctaagg ttgtgcaaaa taaagtggtc tattatggag ttgggatctg gagaggcttce 5220
atggatggat atcaggtcca tcecttgagata gaaaatgaca taggacagcc cccaaggcett 5280
aggaatgtca caactaactg tcagagcagc ccatgggatc tgagtgtccc aataaggcag 5340
tgggcagaag acatgggggt cacaaacaac caggattatt cctctaaatc tagcagagga 5400
gctagatatt ggatgcattc atttaggatg caaggaccca gcaagccatt tggatgccca 5460
gtttatatta ttaagggtga catgtcagat gttatcagac tgagaaaaga ggaggtggag 5520
atgaaagtac ggggctctac tctcaacttg tacactaagc accattctca tcaagactta 5580
cacattttat cttacactgc atcagacaat gatctcagtc caggcatttt caagtcaata 5640
tcagatgagg gagtagctca agccctgcag ttatttgaga gggagccaag caactgctgg 5700
gtgagatgtg agtctgtagc tccaaaattc atatcagcca tecttgagat atgtgagggg 5760
aagagacaga taaaaggaat caacagaacc agactctcag agattgtgag aatttgttct 5820
gaatcttcec taagatcaaa ggtcggatct atgttctcat ttgtcgeccaa tgttgaggag 5880
gcccatgatg ttgattatga tgcgttaatg gatctaatga cagaagatgc taagaacaat 5940
gcattcagtc atgttgtcga ttgcatagag ttggatgtta atggtcctta cgagatggag 6000
tcttttgata catctgatgt caacctecttt gggccagecce attacaagga catcagttca 6060
ttatctatga ttgctcatcc cttaatggat aagtttgttg attatgccat ttccaagatg 6120
gggagagcct cagttagaaa agttctagag acaggtcggt gctctagcaa agactatgat 6180
ttatcaaagg ttctcttcag aactctacag agaccagaag agagcattag gatagatgat 6240
ctggagttat atgaggagac agatgtggcg gatgacatgce taggctaagc ggccgce 6296
40

The invention claimed is:

1. A method for generating a recombinant, non-spreading

bunyavirus replicon particle, the method comprising:

A) culturing a eukaryotic cell with growth medium;

B1) expressing T7 polymerase in the eukaryotic cell;

B2) expressing bunyavirus Gn protein and bunyavirus Ge
proteins, and optionally bunyavirus NSm protein, in the
eukaryotic cell, wherein said Gn and Gc proteins may
form a heterodimeric polyprotein (GnGce); and wherein
upon the optional expression of NSm protein, a heterot-
rimeric polyprotein (NSmGnGe) may form;

B3) transforming or transducing the eukaryotic cell with a
vector comprising cDNA that encodes a bunyavirus L.
genome segment, wherein said [ genome segment
c¢DNA is flanked by a T7 promoter and cDNA of a
ribozyme sequence;

B4) transforming or transducing the eukaryotic cell with a
vector comprising cDNA that encodes at least part of a
bunyavirus S genome segment, wherein said S genome
segment cDNA comprises at least the N-gene and the 3'
and 5' UTRs, wherein said S genome segment cDNA is
flanked by a T7 promoter and ¢cDNA of a ribozyme
sequence; and, optionally,

BS) transforming or transducing the eukaryotic cell with a
vector comprising cDNA that encodes a bunyavirus M
genome segment from which the GnGce coding region
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has been functionally inactivated, wherein said M
genome segment cDNA is flanked by a T7 promoter and
c¢DNA of a ribozyme sequence;

C) following steps B1-B5, the eukaryotic cell is maintained
in the growth medium and recombinant, non-spreading
bunyavirus replicon particles are generated and isolated
from the growth medium;

wherein the sequence of steps B1, B2, B3, B4, BS is ran-
dom and all or part of these steps may be performed
simultaneously.

2. The method according to claim 1, wherein the T7 poly-
merase is provided to the eukaryotic cell by transfected the
eukaryotic cell with a recombinant fowlpox virus expressing
said T7 polymerase.

3. The method according to claim 1, wherein the eukaryotic
cell is provided with the bunyavirus proteins of step B2)
through transfection of the eukaryotic cell with a recombinant
non-replicative  and/or non-spreading paramyxovirus
expressing said bunyavirus Gn, Gc, and/or NSm proteins.

4. The method according to claim 3, wherein the eukaryotic
cell is stably transfected or wherein the recombinant non-
replicative and/or non-spreading paramyxovirus is persis-
tently present.

5. The method according to claim 1, wherein the eukaryotic
cell is provided with the bunyavirus proteins of step B2)
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through transfection of the eukaryotic cell with an expression
vector conditionally expressing said bunyavirus Gn, Ge, and
optionally NSm proteins.

6. The method according to claim 1, wherein the bunyavi-
rus L. genome segment and/or the S genome segment, and/or,
when present, the M genome segment comprises a foreign
gene.

7. The method according to claim 1, further comprising a
M, L, or S minigenome, wherein a foreign gene is present in
said M, L or S-minigenome.

8. The method according to claim 1, wherein the eukaryotic
cell is a mammalian cell.

9. The method according to claim 1, wherein the bunyavi-
rus is Rift Valley fever virus.

10. A recombinant, non-spreading bunyavirus replicon
particle produced by the method according to claim 1.

11. The recombinant, non-spreading bunyavirus replicon
particle according to claim 10, wherein the bunyavirus L
genome segment and or the S genome segment and/or, when
present, the M genome segment, comprises a foreign gene.
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12. The recombinant, non-spreading bunyavirus replicon
particle according claim 10, wherein the bunyavirus is Rift
Valley fever virus.

13. A method for producing a bunyavirus replicon particle,
the method comprising:

A) culturing a eukaryotic cell with growth medium;

B) transfecting, transforming, or transducing said eukary-

otic cell with vectors expressing the bunyavirus NSm,
Gn, and Ge proteins;

C) transfecting the eukaryotic cell with the recombinant,
non-spreading bunyavirus replicon particle according to
claim 10.

14. A medicament or an immunogenic composition com-
prising the recombinant, non-spreading bunyavirus replicon
particle according to claim 10.

15. method according to claim 8, wherein the mammalian
cell is BHK-21.

16. The method according to claim 8, wherein the mam-
malian cell is BSR-T7/5.
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